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Summary
S e v e r a l  p r a c i p i t a n t s  commonly u se d  i n  r i b o n u c l e a s e  
a s s a y s  w ere  compared w i th  r e g a r d  t o  th e  s i z e  o f  o l i g o ­
n u c l e o t i d e  s r e m a in in g  i n  s o l u t i o n .
C e n t r i f u g a t i o n  i n  H£ and A X II  z o n a l  r o t o r s  was u s e d  
t o  d e te rm in e  t h e  d i s t r i b u t i o n  o f  r a t  l i v e r  r i b o n u c l e a s e s  
among th e  v a r i o u s  o r g a n e l l e s .  E x p e r im e n ts  w ere p e r fo rm e d  
t o  d i s c o v e r  t h e  b e s t  g r a d i e n t  and c e n t r i f u g a t i o n  
c o n d i t i o n s  f o r  t h e  p u r i f i c a t i o n  o f  ly so so m e s  and 
m i to c h o n d r ia .  Such e x p e r im e n ts  d e m o n s t r a te d  th e  
h e t e r o g e n e i t y  o f  ly so so m e s .  S e p a r a t io n  a f t e r  p r e ­
t r e a tm e n t  w i th  T r i t o n  WR-I339 showed a c i d  r i b o n u c l e a s e -  
r i c h  ly so so m e s  were more a c t i v e  i n  t a k i n g  up t h e  d e t e r g e n t  
t h a n  a c id  p h o s p h a t a s e - r i c h  ly so so m e s .  I s o p y c n ic  
d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  o f  m a t e r i a l  f ro m  r e g i o n s  
o f  t h e  z o n a l  r u n  c o n f irm e d  t h i s  o b s e r v a t i o n  and  gave 
ly so so m es  p u r i f i e d  a b o u t  20 t i m e s .  The d i s t r i b u t i o n  
o f  o th e r  ly s o s o m a l  enzymes i n  f r a c t i o n a t e d  n o rm a l  and 
T r i t o n - t r e a t e d  l i v e r  i n d i c a t e d  f u r t h e r  ly s o s o m a l  h e t e r o ­
g e n e i t y .
A f t e r  f r a c t i o n a t i o n  o f  c ru d e  m i t o c h o n d r i a l /  
ly so so m a l  f r a c t i o n  on an HS z o n a l  r o t o r ,  a l k a l i n e  
r i b o n u c l e a s e  showed a com plex d i s t r i b u t i o n .  C om parison  
w i th  t h a t  o f  m arker enzymes s u g g e s te d  t h a t  t h e  m a jo r  p a r t  
o f  th e  a c t i v i t y  was due t o  ly so so m e s  and p la sm a  membrane. 
The l a c k  o f  l a t e n c y  o f  t h e  ly s o s o m a l  enzyme s u g g e s te d  
t h a t  i t  was m a in ly  l o c a t e d  on t h e  ly s o s o m a l  membrane.
F r a c t i o n a t i o n  o f  c ru d e  n u c l e a r  f r a c t i o n  on an  A X II  
r o t o r  showed t h a t  a b o u t  h a l f  t h e  p a r t i c u l a t e  a l k a l i n e  
r i b o n u c l e a s e  and m ost o f  t h e  a l k a l i n e  p h o s p h o d i e s t e r a s e  
was i n  p lasm a  membrane f r a g e m e n ts .  A lk a l in e  RNase was 
a l s o  l o c a t e d  i n  t h e  m i to c h o n d r i a .  Some s t u d i e s  w ere  
made on t h e  p r o p e r t i e s  o f  t h e  p lasm a  membrane, m i t o ­
c h o n d r i a l  and ly s o s o m a l  a l k a l i n e  r i b o n u c l e a s e s .
Hepatoma s a m p le s ,  f r a c t i o n a t e d  i n  b o th  r o t o r s ,  gave 
c o n fu s in g  r e s u l t s  b e c a u se  o f  t h e  re d u c e d  and e x t r e m e ly  
w id e ly  v a r y in g  s i z e  o f  th e  m i to c h o n d r ia  and ly so so m e s .
t f ‘F-DAB-induced p re c a n c e ro u s  l i v e r  was i n v e s t i g a t e d  
to  d e te rm in e  w h e th e r  th e  i n c r e a s e d  c y t o s o l  a c i d  RNase 
r e s u l t e d  from  lysosom e breakdow n. T re a tm e n t  w i th
a o t in o m y c in  D in d u c e d  an i n c r e a s e  i n  t o t a l  and c y t o s o l  
a c i d  RNase.
The p r e s e n c e  o f  a c i d  and a l k a l i n e  RNase a c t i v i t y  i n  
aqueous n u c l e i  p r e p a r a t i o n s  was c o n f i rm e d .  Acid RNase 
was more a c t i v e  i n  n u c l e i  from  e t h i o n i n e - f e d  r a t s .
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CHAPTER OKS s INTRODUCTION
The e x i s t e n c e  o f  an enzyme c a p a b le  o f  h y d r o l y s i n g  th e  
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a c t i v e  a f t e r  b o i l i n g  f o r  a s h o r t  p e r i o d .
Such enzymes -  t h e  ’r i b o n u c le a s e s *  (RN ases) -  have  
now b een  fo u n d  t o  be e x c e e d in g ly  w id e s p re a d  i n  n a t u r e ,  
o c c u r r in g  i n  d i v e r s e  t i s s u e s  and s u b c e l l u l a r  f r a c t i o n s .  
D i f f e r e n c e s  i n  enzyme s t r u c t u r e  b e tw een  the. d i f f e r e n t  
s p e c i e s  o f  a n im a l  may be  s l i g h t ,  am ounting  t o  a  few  
ch ang es  i n  t h e  m o lecu le s*  amino a c id  s e q u e n c e .  W hether 
o r  n o t  t h e r e  a r e  marked d i f f e r e n c e s  i n  m o le c u la r  s t r u c t u r e  
amongst t h e  enzymes from  v a r i o u s  a n im a l s ,  t h e  e s s e n t i a l  
f e a t u r e  w hich  t h e y  have  i n  common i s  t h e  a b i l i t y  t o  
b r e a k  t h e  i n t e r n u c l e o t i d e  bonds o f  n u c l e i c  a c i d s .  
F u r th e r m o r e ,  i t  i s  now e v i d e n t  t h a t  some t i s s u e s  c o n t a i n  
a whole ra n g e  o f  d i f f e r e n t  n u c l e a s e s .  B o v ine  p a n c r e a t i c  
RNase h a s  b e e n  w id e ly  s t u d i e d  and th e  enzym e’ s s t r u c t u r e  
and mode o f  a c t i o n  i s  w e l l  u n d e r s to o d ,  e . g . ,  Avey e t  a l . 
( 1967)3 R o b e r t s  e t  a l . ( r e v i e w ,  1969) .  B u t ,  s i n c e  1950 ,
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t h e r e  h a s  h e e n  an i n c r e a s i n g  i n t e r e s t  i n  t h e  i n t r a c e l l u l a r  
RNases and t h e i r  f u n c t i o n .  RNases have  h e e n  d e m o n s tr a te d  
i n  a n im a l ,  p l a n t  and m i c r o b ia l  t i s s u e s .  A p a r t  f rom  
p a n c r e a s ,  r a t  l i v e r  i s  t h e  t i s s u e  t h a t  h a s  r e c e i v e d  th e  
m ost a t t e n t i o n .  I n  s p i t e  o f  e x t e n s i v e  s tu d y ,  h o w e v e r ,  t h e  
mammalian RNase sy s tem  i s  p o o r l y  d e f i n e d .
The r e s e a r c h  p r e s e n t e d  i n  t h i s  t h e s i s  i s  r e s t r i c t e d  t o  
r a t  l i v e r .  I t  i s  im p o r ta n t  to - re m e m b e r , h o w e v e r ,  t h a t  
t i s s u e s  v a r y  c o n s i d e r a b l y  i n  th e  ty p e  and c o n c e n t r a t i o n s  o f  
RNases p r e s e n t  and a l s o  i n  t h e  p r e s e n c e  o f  i n t r a c e l l u l a r  
i n h i b i t o r s  and a c t i v a t o r s .
The num erous enzymes r e p o r t e d  t o  d e g ra d e  RNA i n  a n im a l  
c e l l s  have  b e en  d e m o n s t r a te d  u n d e r  a  r a n g e  o f  a s s a y  con­
d i t i o n s .  I  p ro p o se  l a t e r  t o  r e v ie w  b r i e f l y ' t h e  . l i t e r a t u r e  
on t h i s  s u b j e c t ,  w i th  s p e c i a l  r e f e r e n c e  t o  t h e  enzymes 
fo u n d  i n  r a t  l i v e r .  There  i s  some .c o n fu s io n  a b o u t  t h e  
s p e c i f i c  a c t i o n  o f  some RNases a n d - t h i s  i s  m i r r o r e d  i n  t h e  
c o n fu s io n  a b o u t  t h e i r  n o m e n c la tu r e . A c c o rd in g ly , -  some
c o n s i d e r a t i o n  w i l l  now be g iv e n  t o  d e f i n i n g  t h e  v a r i o u s  
te rm s  t o  be  u s e d  i n  t h i s  t h e s i s .
1 Enzvme N om encla tu re
I n  any  s tu d y  o f  n u c l e i c  a c i d  c a t a b o l i s m  i t  i s  e s s e n t i a l  
t o  i d e n t i f y  t h e  s p e c i f i c  t y p e s  o f  enzymes i n v o lv e d .  As 
D avidson  ( 1969 ) p o i n t s  o u t ,  enzymes w hich  h y d r o ly s e  
p o l y n u c l e o t i d e  c h a in s  can  a l l  be r e g a r d e d  a s  p h o s p h o d i e s t e r ­
a s e s ,  i n  t h e  se n se  t h a t  t h e y  b r e a k  th e  p h o s p h o d i e s t e r  
i n t e r n u c l e o t i d e  l i n k a g e s .  He c l a s s i f i e d  t h e s e  enzym es 
i n t o  two main g r o u p s ,  e n d o n u c le a s e s  and e x o n u c l e a s e s .
-  2 ' -
E n d o n u c le a s e s , som etim es r e f e r r e d  t o  as  n u c le o d e p o ly m e ra s e s  
o r  n u c l e o p h o s p h o d i e s t e r a s e s , p r e f e r e n t i a l l y  a t t a c k  i n t e r n a l  
l i n k a g e s  o f  th e  n u c l e i c  a c id  c h a in  and may ho f u r t h e r  su b ­
d iv id e d  i n t o  r i b o n u c l e a s e s  and d e o x y r i b o n u c le a s e s , a l t h o u g h  
some n u c l e a s e s  a p p e a r  t o  a t t a c k  b o th  RNA and DNA. 
E x o n u c le a s e s  a t t a c k  p o l y n u c l e o t i d e s  by  t h e  c o n s e c u t iv e  
s p l i t t i n g  o f  m o n o n u c le o t id e s  from  one end o f  th e  chain*
The l a t t e r  enzymes a r e  f r e q u e n t l y  r e f e r r e d  t o  s im p ly  a s  
p h o s p h o d i e s t e r a s e s .  T h is  c l a s s i f i c a t i o n  i s 3 h o w ev er ,  a 
s i m p l i f i c a t i o n .  We do n o t  know, f o r  i n s t a n c e ,  t h a t  a l l  
RNases a re  s t r i c t l y  e n d o n u c le a s e s ,  some may w e l l  show 
some e x o n u c le a s e  a c t i v i t y .  Some s t r i c t  e x o n u c l e a s e s ,  
w hich  p r e f e r e n t i a l l y  a t t a c k  RNA o r  o l i g o n u c l e o t i d e s ,  
c o n ta in i n g  r i b o s e  as th e  su g a r  m o ie ty ,  hav e  b e e n  d e s c r i b e d  
a s  R N ases, a l th o u g h  th e  te rm s  l exo RN ase1 o r  p h o s p h o d i ­
e s t e r a s e 1 a r e  more o f t e n  u s e d .
The te rm  p h o s p h o d i e s t e r a s e 1 h a s  b e en  u s e d  i n  t h r e e  
d i s t i n c t  w ays. F i r s t l y ,  i t  h a s  b e en  u s e d  a s  a g e n e r i c  
te rm  d e s c r i b i n g  n o n - s p e c i f i c  enzymes h a v in g  t h e  a b i l i t y  
t o  s p l i t  any p h o s p h o d ie s t e r  b o n d s ,  i n c l u d i n g  th o s e  i n  
n u c l e i c  a c i d s  and p h o s p h o l i p id s  ( e . g . ,  Schm idt and 
L ask ow sk i,  1 9 6 1 ) .  S e c o n d ly ,  p h o s p h o d i e s t e r a s e 1 was u s e d  
a s  a t r i v i a l  name f o r  snake venom p h o s p h o d i e s t e r a s e  and 
s u b s e q u e n t ly  t h e  te rm  was a d o p te d  a s  th e  g e n e r i c  name f o r  
t h e  g roup  o f  enzymes w hich  r e s e m b le s  venom p h o s p h o d i e s t e r a s e ,  
i n  t h a t  t h e y  a t t a c k  p h o s p h o d i e s t e r s  and t h e  a t t a c k  on 
o l i g o n u c l e o t i d e s  y i e l d s  m o n o n u c le o t id e s  o n ly .  T h i r d l y ,  
th e  s p e c i f i c  p h o s p h o d i e s t e r a s e s 1 d e s c r i b e d  b y  H ep p e l  and 
Hilmoe (1 9 ?? )?  R a z z e l l  (1961) and o t h e r s  p r e f e r e n t i a l l y
-  3 -
a t t a c k  o l i g o n u c l e o t i d e s  t o  y i e l d  o n ly  m o n o n u c le o t id e s  and 
show l i t t l e  o r  no a c t i v i t y  to w a rd s  p h o s p h o d i e s t e r  bonds . 
o th e r  th a n  th o s e  o f  n u c l e i c  a c i d s .  Schm idt and Laskow ski
R a z z e l l  and K horana (1959) u se d  s y n t h e t i c  d i e s t e r s  t o  
d i s t i n g u i s h  p h o s p h o d i e s t e r a s e s ,  y i e l d i n g  m o n o n u c le o t id e s ,  
f rom  a l l i e d  enzym es, e . g . ,  e n d o n u c le a s e s ,  RNase, DNase. 
Sodium b i s ( p - n i t r o p h e n y l ) p h o s p h a t e  and b i s ( t h y m i d i n e )-  
p h o sp h a te  a r e  now u s e d  as c o n v e n ie n t  g roup  s u b s t r a t e s  f o r  
e x o n u c le a s e - ty p e  p h o s p h o d i e s t e r a s e s .
I n  th e  l i t e r a t u r e  some a u th o r s  have r e f e r r e d  t o  
p o l y n u c l e o t i d a s e s 1. R a z z e l l  ( 1967) h a s  u s e d  t h e  name t o  
i n c lu d e  b o th  e x o n u c le a s e s  and e n d o n u c le a s e s  and h a s  t h u s  
■ u n n ec e ssa r i ly  d u p l i c a t e d  t h e  n o m e n c la tu r e .  O f te n ,  th e  
name p o l y n u c l e o t i d a s e  h a s  b e en  u se d  t o  r e f e r  t o  n u c l e a s e s  
a s s a y e d  w i th  homopolymers a s  s u b s t r a t e ,  b u t  t h e s e  a r e  
p r o b a b ly  n o t  n a t u r a l  s u b s t r a t e s ,  and i t  seems u n l i k e l y  t h a t  
t h e s e  enzymes a re  a d i s t i n c t  g roup  o f  n u c l e a s e s .
P o ly n u c le o t id e  p h o s p h o ry la s e  can be r e g a r d e d  a s  an 
RNA d e g ra d in g  enzyme. The enzyme c a t a l y s e s  a r e v e r s i b l e  
r e a c t i o n  (Grunberg-M anago e t  a l . , 1 9 5 6 ) ,  b u t  i t  h a s  b e e n  
p o s t u l a t e d  t o  be r e s p o n s i b l e  f o r  m ost o f  t h e  mRNA breakdow n 
i n  m ic r o b ia l  c e l l s  ( H a r r i s ,  1 9 6 3 ) .  The r e a c t i o n  c a t a l y s e d  
b y  p o l y n u c l e o t i d e  p h o s p h o r y la s e  ( s e e  F i g .  1 .1 )  may be 
w r i t t e n  as  fo l lo w s s
whore X i s  th e  p u r in e  o r  p y r im id in e  b a s e ,  R i s  r i b o s e  and 
P i s  p h o s p h a te .  In  t h e  breakdow n o f  p o l y n u c l e o t i d e s  t h e
(1961) p r e f e r  t o  r e f e r  t o  t h e s e  enzymes a s  1o x o n u c le a s e s 1.
-  1+ ..
Figure 1.1
The Mode of Action o f Polynucleotide Phosphorylase
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i n t e r n u c l o o t i d e  bond i s  c le a v e d  i n  th e  p r e s e n c e  o f  i n o r g a n i c  
p h o s p h a te .
The o c c u r re n c e  o f  a p o l y n u c l e o t i d e  p h o s p h o ry la s e  i n  
a n im a l  t i s s u e  was s u g g e s te d  b y  th e  p h o s p h o r o l y s i s  o f  p o ly  A 
by  g u in e a  p ig  l i v e r  c ru d e  n u c l e a r  f r a c t i o n , t o  g iv e  ADP 
(Hilmoe and H e p p e l ,  1957)* S m e ll ie  (1963) s u g g e s te d  t h a t  
t h i s  r e s u l t  c o u ld  have b e en  due t o  th e  com bined a c t i v i t i e s  
o f  a number o f  o th e r  enzym es, b u t  t h e  o b s e r v a t i o n s  o f  
S i e b e r t  e t  a l . ( 1 9 6 6 ) ,  w i th  p u r i f i e d  r a t  l i v e r  n u c l e i ; 
and o f  M urthy e t  a l . (1 9 6 9 ) ,  on r a t  l i v e r  and b r a i n ,  and 
th e  p a r t i a l  p u r i f i c a t i o n  o f  an enzyme h a v in g  th e  p r o p e r t i e s  
o f  a p o l y n u c l e o t i d e  p h o s p h o r y la s e ,  from  g u in e a  p ig  l i v e r ,  
by  F i t t  and See (1 9 7 0 ) ,  i n d i c a t e  t h a t  t h i s  enzyme i s  
p r e s e n t  i n  mammalian t i s s u e s .
Some w o rk e rs  have  a d o p te d  an a r b i t r a r y  n u m e r i c a l  
c l a s s i f i c a t i o n  scheme. F o r i n s t a n c e .  B e a rd  and R a z z e l l  
(196*+) named t h e  RNase w hich  i s  a s s o c i a t e d  w i th  th e  
m i to c h o n d r i a l  f r a c t i o n  o f  r a t  l i v e r  and w h ich  i s  o p t i m a l l y  
a c t i v e  a t  an a l k a l i n e  pH, ‘RNase I I 1, t o  d i s t i n g u i s h  i t  
from  ‘RNase I ‘ , w hich  i s  a l s o  o p t im a l l y  a c t i v e  a t  an 
a l k a l i n e  pH b u t  h a s  d i f f e r e n t  p r o p e r t i e s  and i s  i s o l a t e d  
from  th e  n u c l e a r  f r a c t i o n .  T h ese , h o w ev er ,  w ere c o n fu s in g  
te rm s ,  s in c e  t h e y  had  been  u s e d  p r e v i o u s l y  by  Spahr and 
H o l l in g w o r th  (1961) t o  d e s c r i b e  two e n t i r e l y  d i f f e r e n t  
enzymes from  E . col i .  To a v o id  t h i s  s o r t  o f  c o n f u s io n  I  
s h a l l  u se  a d e s c r i p t i v e ,  r a t h e r  th a n  a n u m e r i c a l  sy s te m  
i n  t h i s  t h e s i s .
In  t h i s  t e x t ,  t h e  te rm  ‘p h o s p h o d i e s t e r a s e 1 (P D a s e ) ,  
w i l l  r e f e r  o n ly  t o  enzymes h a v in g  th e  a b i l i t y  t o  s p l i t  t h e
-  6  -
juuuapuuuxesoyx- uuxiua Ui syu OXXC 0 J_C ClieS^erS, SUCJQ as IMS
b i s ( p - n i t r o p h e n y l ) p h o s p h a t e . Some o f t h e s e  PDases may 
-well be a b le  t o  a t t a c k  n u c l e i c  a c i d s , b u t  t h e  name 
* e x o n u c l e a s e 1 w i l l  be r e s e r v e d  f o r  enzymes shown t o  s p l i t  
t h e  t e r m i n a l  p h o s p h o d ie s t e r  bonds o f  RNA and o l i g o n u c l e o ­
t i d e s  i r r e s p e c t i v e  o f  t h e i r  a c t i o n  on s y n t h e t i c  s u b s t r a t e s .  
^ N u c le a s e 1 w i l l ’ r e f e r  t o  enzymes c a p a b le  o f  d e g ra d in g  b o th  
RNA and DNA. S i m i l a r l y ,  ^ r i b o n u c l e a s e 1 (RNase) and 
1 d e o x y r ib o n u c le a s e 1 (DNase) w i l l  r e f e r  t o  t h e  enzyme 
d e g ra d in g  o n ly  t h e  c o r r e s p o n d in g  n u c l e i c  a c i d  o r  
o l i g o n u c l e o t i d e .  E n d o n u c le a s e s ,  endo RNases and endo 
DNases a t t a c k  p h o s p h o d ie s t e r  bonds a lo n g  th e  l e n g t h  o f  t h e  
r e s p e c t i v e  p o l y n u c l e o t i d e  c h a in .  These enzymes may o r  may 
n o t  a t t a c k  th e  t e r m i n a l  p h o s p h o d ie s t e r  b o nds  b u t  a r e  n o t  
known t o  a t t a c k  s y n t h e t i c  d i e s t o r s .
The d e s c r i p t i v e  names f o r  s p e c i f i c  n u c l e o l y t i c  enzymes 
o f t e n  in c lu d e  a p r e f i x  i n d i c a t i n g  th e  s i d e  from  w hich  t h e  
i n t e r n u c l e o t i d e  p h o s p h o d ie s t e r  bond i s  a t t a c k e d ,  e . g . ,  
5 !RNase, 3*PDaso. The p r e f i x  r e f e r s  t o  t h e  p o i n t  o f  
a t ta c h m e n t  o f  th e  p h o sp h a te  t o  t h e  su g a r  i n  th e  p r o d u c t ,  
r a t h e r  t h a n  t o  th e  p o i n t  o f  a t t a c k .  F o r ex am p le ,  b o v in e  
p a n c r e a t i c  RNase s p l i t s  t h e  l in k a g e  j o i n i n g  t h e  p h o s p h a te  
r e s i d u e  a t  C-3* i n  a p y r im id in e  n u c l e o t i d e  t o  t h e  G -5 ! i n  
th e  n e x t  n u c l e o t i d e  ( F i g .  1 . 2 ) .  • The i n i t i a l  p r o d u c t s  a r e  
p y r im id in e  m o n o n u c le o t id e s  o r  o l i g o n u c l e o t i d e s  t e r m i n a t i n g  
i n  a p y r im id in e  c y c l i c  2 1, 3 1- p h o s p h a t e .  Hence b o v in e  
p a n c r e a t i c  RNase may bo te rm e d  a 3 ’RNase. S i m i l a r l y ,  t h e  
5 !RNase o f  r a t  l i v e r  d e s c r i b e d  b y  do Lam irando e t  a l .
(1967) y i e l d s  o l i g o n u c l e o t i d e s  t e r m i n a t i n g  i n  a
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Figure 10 2
The mode o f attack on o ligonucleotides by bovine 
pancreatic ribonuclease
5 ’ph o sp h o m o n o este r  g ro u p .  No c y c l i c  i n t e r m e d i a t e  h a s  
h e en  r e p o r t e d  i n  t h i s  r e a c t i o n .  A lk a l in e  5 ’PDase ( l PDase 
I 1, by  R a z z e l l ‘ s n o m e n c la tu re )  and a c id  3 ‘PDase ( !PDase I I 1) 
y i e l d ,  r e s p e c t i v e l y ,  n u c le o s i d e  5 1- p h o s p h a te s  and n u c l e o s i d e  
3 ‘- p h o s p h a t e s ;  t h e y  can e a c h  a t t a c k  o n ly  from  one end o f  
t h e  n u c l e o t i d e  c h a i n .  5 ‘PDase shows an a b s o l u t e  s p e c i f i ­
c i t y  f o r  a n u c l e o s i d e - 5 , p h o s p h o ry l  r e s i d u e .  F i g .  1 .3  
i l l u s t r a t e s  t h a t  t h i s  r e s i d u e  a lw ays b e a r s  an ex p o sed  
3 ‘- h y d r o x y l  g ro u p ;  3 'P D a s e .c a n  o n ly  a t t a c k  from  th e  
o p p o s i t e  end o f  t h e  n u c l e o t i d e  c h a i n ,  h a v in g  an ex p o sed  
5 ‘-h y d r o x y l  group* A lthough  many n u c l e o l y t i c  enzymes 
s p e c i f i c a l l y  a t t a c k  l i n k s  in v o lv in g  c e r t a i n  b a s e s ,  t h i s  
s p e c i f i c i t y  i s  g e n e r a l l y  so p o o r l y  u n d e r s to o d  t h a t  i t  i s  
n o t  i n c o r p o r a t e d  i n  th e  name o f  th e  enzyme.
T able  1 .1  i s  a b r i e f  summary o f  th e  enzyme t e r m in o lo g y  
u s e d  h e r e i n .  T a b u la te d  c l a s s i f i c a t i o n  schem es f o r  
n u c l e o l y t i c  enzymes have  p r e v i o u s l y  b e en  p u b l i s h e d  by  
de G a r i lh e  (196^-) and by  Eg ami and Nakamura (1 9 6 9 ) b u t  i n  
b o th  t a b l e s  t h e  c l a s s i f i c a t i o n  i s  t o o  r i g i d ,  f o r  ex am p le , 
i n  n o t  a l lo w in g  f o r  th e  p o s s i b i l i t y  t h a t  a s i n g l e  enzyme 
may e x h i b i t  b o th  e n d o n u c le a se  and e x o n u c le a s e  a c t i v i t y ,
2 B ovine P a n c r e a t i c  R ib o n u c le a s e
F u r t h e r  s t u d i e s  on t h i s  enzyme l e d  t o  t h e  s e p a r a t i o n  
o f  p a n c r e a t i c  RNase i n  c r y s t a l l i n e  fo rm  b y  K u n i tz  (1 9 Lt-0). 
S ub sequen t s t u d i e s  o f  th e  mechanism o f  a c t i o n  o f  RNase 
have b e en  c o n c e n t r a t e d  on t h i s  enzyme. These s t u d i e s  
have gone h a n d - in - h a n d  w i th  th e  e l u c i d a t i o n  o f  n u c l e i c  
a c id  s t r u c t u r e .  Markham and Sm ith  (1 952 , a ) ,  and
- 9 -
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Figure 1 . 3 . ......
The points o f attack on o ligonucleotides by various 
n u cleo ly tic  enzymes
/ / -
Brown e t  al .  (1952* a , b ) , d e m o n s tra te d  i n d e p e n d e n t l y  t h a t  
p a n c r e a t i c  RNase s p e c i f i c a l l y  h y d r o ly s e d  t h e  Bonds l i n k i n g  
th e  p h o s p h o r y l  group o f  a p y r im id in e  n u c l e o t i d e  t o  t h e  
5 1-h y d ro x y l  o f  an a d j a c e n t  p u r in e  o r  p y r im id in e  n u c l e o t i d e ,  
S y n t h e t i c  n u c l e o t i d e  p h o s p h o d i e s t e r s  were h y d r o ly s e d  to  r e l e a s e  
c y c l i c  2 ’ s3 1- p h o s p h a te s .  Those were t h e n  f u r t h e r  c le a v e d  
b y  th e  enzyme t o  t h e  c o r r e s p o n d in g  n u c l e o s i d e  3 1- p h o s p h a t e , 
( F ig .  1 . 2 ) .  The t r a n s e s t e r i f i c a t i o n  r e a c t i o n  l e a d i n g  t o  
th e  c y c l i c  p h o sp h a te  was r e v e r s i b l e ,  showing t h a t  p a n c r e a t i c  
RNase can  c a t a l y s e ,  n o t  o n ly  h y d r o l y t i c  b u t  a l s o  t r a n s f e r  
and r e p la c e m e n t  r e a c t i o n s  (H e p p e l ,  N h i t f e l d  and Markham,
1 9 5 5 )• Exhaustive digestion of RNA with pancreatic RNase 
yielded cytidine-3 Lphosphate and uridine-31-phosphate, and 
a mixture of oligonucleotides all terminating in a pyrimidine - 
containing nucleotide (reviewed by Siebert, 1 966 ) .  The 
unhydrolysed oligonucleotides are often called 1 core1 RNA.
The p r im a r y  s t r u c t u r e  o f  b o v in e  p a n c r e a t i c  RNase was 
e l u c i d a t e d  by  Smyth, S t e i n  and Moore (1 9 6 3 ) .  The s e c o n d a ry  
and t e r t i a r y  s t r u c t u r e  was d e te rm in e d  by  X - ra y  d i f f r a c t i o n  
by  Avey e t  a l . ( 1967) and a l s o  b y  K a r th a ,  B e l l o  and H a rk e r  
( 1967 )* The m o le cu le  c o n s i s t s  o f  12b  amino a c id  r e s i d u e s  -  
m o le c u la r  w e ig h t  a b o u t  13,700> and c o n t a i n s  f o u r  S-S c y s t i n e  
b r i d g e s  and v e r y  l i t t l e  h e l i c a l  s t r u c t u r e .  Numerous 
s t u d i e s  on t h e  a c t i v e  s i t e  have  l e d  t o  a r e a s o n a b l e  u n d e r ­
s t a n d in g  o f  th e  mode o f  a c t i o n  o f  t h e  enzyme. D evelopm en ts  
o f  th e  t h e o r y ,  w hich  was f i r s t  d e s c r i b e d  b y  F i n d l a y  e t  a l .
(1 9 6 2 ) ,  have  r e c e n t l y  b e en  re v ie w e d  by  U sher ( 1 969) and 
by  R o b e r ts  e t  _al. ( 1969) .
-  1 2  -
D e te rm in a t io n  o f  t h e  p r im a r y  s t r u c t u r e  o f  p a n c r e a t i c  
RNase from  t h e  r a t  and th e  h o r s e  (B e in tem a and G ru b e r ,
1967), and t h e  p ig  ( J a c k s o n  and H i r s ,  197°)3  show t h e s e  
enzymes have  e s s e n t i a l l y  t h e  same amino a c i d  sequence  a ro u n d  
th e  a c t i v e  s i t e  a s  t h e  b o v in e  enzyme, a l th o u g h  t h e r e  a re  
s u b s t a n t i a l  d i f f e r e n c e s  i n  th e  r e s t  o f  t h e  m o le c u le .
I r i e  (1968) h a s  a l s o  shown t h a t  t h e  a c t i o n  k i n e t i c s  o f  
p a n c r e a t i c  RNases from  d i f f e r e n t  s p e c i e s  o f  a n im a l  v a r y  
g r e a t l y .
P a n c r e a t i c  RNase i s ,  how ever, o n ly  one o f  t h e  l a r g e  
number o f  enzymes w hich  d e g ra d e  RNA i n  a n im a l  t i s s u e s .
Enzymes from  o t h e r  t i s s u e s  may be v e r y  d i f f e r e n t  i n  t h e i r  
p r o p e r t i e s .  In d e e d ,  some t i s s u e s ,  such  a s  l i v e r ,  seem t o  
c o n ta in  s e v e r a l  d i f f e r e n t  RNases w i th  w id e ly  d i v e r g e n t  
p r o p e r t i e s .  The r e a s o n  f o r  t h i s  m u l t i p l i c i t y ,  o f  enzymes 
i s  an i n t r i g u i n g  q u e s t i o n .
3 ( I )  I n t r a c e l l u l a r  D i s t r i b u t i o n  o f  A cid  and A lk a l in e
RNa.se. i n  R a t  L iv e r
When t h e  RNase a c t i v i t y  o f  r a t  l i v e r  hom ogenate  was 
p l o t t e d  a g a i n s t  pH, two d i s t i n c t  p e a k s  w ere o b s e rv e d  by  
de Lam irande e t  a l . (195*+) and by  R o th  (195^) a t  pH 5*8 and 
8 . 2 .  The RNase a c t i v i t i e s  a t  th e  two p e a k s  d i f f e r e d  i n  a 
number o f  ways (de L am iran d e , Weber and C a n te ro ,  1958) and 
two enzymes known a s  a c id  and a l k a l i n e  RNase w ere p o s t u l a t e d .  
Many w o rk e rs  have  i n v e s t i g a t e d  th e  d i s t r i b u t i o n  o f  t h e s e  
enzym es, b o th  i n  n o rm al said abnorm al t i s s u e .  Some RNase 
a c t i v i t y  h a s  b e en  d e m o n s tra te d  i n  a l l  t h e  m ain s u b c e l l u l a r  
f r a c t i o n s  p r e p a r e d  from  r a t  l i v e r .  However, i n v e s t i g a t o r s
-  13 -
have  u s e d  a number o f  d i f f e r e n t  f r a c t i o n a t i o n  t e c h n i q u e s ,  
g iv in g  f r a c t i o n s  o f  v a r i a b l e  and o f t e n  u n d e te rm in e d  p u r i t y .  
T h is ,  t o g e t h e r  w i th  t h e  w ide v a r i a t i o n  i n  th e  a s s a y  
c o n d i t i o n s ,  h a s  l e d  t o  a number o f  c o n f l i c t i n g  r e p o r t s  on 
th e  i n t r a c e l l u l a r  d i s t r i b u t i o n  o f  RNase.
The p r e s e n c e  o f  an endogenous RNase i n h i b i t o r ,  f i r s t  
d e m o n s tr a te d  by  R oth  (1957), h e lp e d  t o  e x p l a i n  a number o f  
d i s c r e p a n c i e s  i n  th e  e a r l i e r  r e p o r t s  o f  a l k a l i n e  RNase 
d i s t r i b u t i o n .  R o th  (1962) showed t h a t  a l a r g e  p r o p o r t i o n  
o f  t h e  p o t e n t i a l  r a t  l i v e r  a l k a l i n e  RNase a c t i v i t y  was 
fo u n d  i n  th e  s u p e r n a t a n t  f r a c t i o n  b u t  was m asked, due t o  
t h e  enzyme b e in g  a s s o c i a t e d  w i th  RNase i n h i b i t o r .  T h is
* l a t e n t *  RNase a c t i v i t y  c o u ld  r e a d i l y  bo r e l e a s e d ,  b y  h e a t  
t r e a t m e n t ,  d i l u t e  a c i d ,  o r  s u lp h y d r y l  r e a g e n t ,  o r  s im p ly  by  
s to r a g e  above 0° .  The te rm  * f re e  RNase* w i l l  be  u s e d  when 
no s t e p s  have  b e en  t a k e n  t o  i n a c t i v a t e  t h e  i n h i b i t o r  and
* t o t a l  RNase* a c t i v i t y  when such  s t e p s  have  b e en  t a k e n .
In  n o rm al l i v e r ,  5°~70^ o f  t h e  !f r e e *  a l k a l i n e  RNase 
a c t i v i t y  was r e p o r t e d  t o  be a s s o c i a t e d  w i th  t h e  m i t o c h o n d r i a l  
f r a c t i o n  (S c h n e id e r  and Hogcboom, 1952 , de L am irande e t  a l . , 
195*+j and R o th ,  1 9 5 7 ) ;  th e  m ic ro so m al f r a c t i o n  c o n ta in e d  
ab o u t 10- 15^3 and th e  n u c l e a r  and s u p e r n a t a n t  f r a c t i o n s  
ab o u t 10% e a c h .  I t  seems l i k e l y  t h a t  th e  l a r g e  e x c e s s  o f  
i n h i b i t o r  p r e s e n t  i n  t h e  c e l l  sap \\rould p r e v e n t  any  
a p p r e c i a b l e  a l k a l i n e  RNase a c t i v i t y  i n  v i v o , a p a r t  from
t h a t  due t o  th e  r e s i d u a l  a c t i v i t y  o f  a c id  RNase a t  n e u t r a l  
pH, and p o s s i b l y  a minor a l k a l i n e  RNase, m ost a c t i v e  a t  pH 
9 .5  (Rahman, 1966) ,  which i s  n o t  a f f e c t e d  b y  RNase i n h i b i t o r .
„ i t-  -
A summary o f  th e  p r e s e n t  know ledge o f  t h e  enzymes 
in v o lv e d  i n  t h e  breakdow n o f  KN Ay w i th  p a r t i c u l a r  r e f e r ­
ence  t o  th e  enzymes o f  r a t  l i v e r .
Table 1.2
A b b r e v ia t io n s  u se d  i n  t h i s  t a b l e s -
a l k .  -  a l k a l i n e
aq u . p r e p .  -  aqueous p r e p a r a t i o n
b i s ( p - n p ) p  -  b i s ( p - n i t r o p h o n y l ) p h o s p h a t e
B .R . -  e n d o p la sm ic  r e t i c u l u m
ly s o  -  ly so so m es
mi t o  -  m i to c h o n d r ia
m o l .w t ,  -  m o le c u la r  w e ig h t
P.M. -  p lasm a  membrane
p - n p tp  -  p - n i t r o p h e n y l th y m id in e  p h o sp h a te
p - n p t - 5 !-p  -  p - n i t r o p h e n y l ' th y m id in e - 5 * -p h o s p h a te
p - n p t - 3 l “P -  p - n i t r o p h e n y l t h y m id i n e - 3 1 - p h o s p h a te
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S u b s e q u e n t ly ,  de Duve e t  a l . (1955) showed t h a t  t h e  
m i to c h o n d r i a l  f r a c t i o n ,  a s  p r e p a r e d  a t  t h a t  t im e ,  i n c l u d e d  
a new c l a s s  o f  p a r t i c l e s  c a l l e d  !ly s o s o m e s *, w hich  c o n ta in e d  
m ost o f  t h e  a c i d  RNase o f  t h e  c e l l ,  a l th o u g h  up t o  20% o f  
t h e  t o t a l  may be fo u n d  i n  t h e  s u p e r n a t a n t  f r a c t i o n  (R e id  
and N odes, 1 9 6 3 ) .  I t  was n o t  c e r t a i n  w h e th e r  t h e  s u p e r ­
n a t a n t  enzyme was t h e  same enzyme a s  t h a t  i n  th e  ly s o s o m a l  
f r a c t i o n .  S in ce  t h e s e  e a r l y  s t u d i e s ,  a v a s t  amount o f  
work h a s  b e e n  p u b l i s h e d  on t h e  c e l l u l a r  l o c a t i o n  and 
s p e c i f i c i t i e s  o f  RNases and o t h e r  enzymes a s s o c i a t e d  w i th  
t h e  d e g r a d a t i o n  o f  RNA. F o r  c o n v e n ie n c e ,  e a c h  sub c e l l u l a r  
f r a c t i o n  i s  c o n s id e r e d  s e p a r a t e l y ,  b u t  t h e  i n f o r m a t i o n  
a v a i l a b l e  i s  sum m arised i n  T ab le  1 , 2 ,
3 ( I I )  M i to c h o n d r ia l  f r a c t i o n
E a r l y  s t u d i e s  showed t h a t  a *m i t o c h o n d r i a l 1 f r a c t i o n ,  
a s  p r e p a r e d  a ro u n d  1959; h ad  b o th  a c id  RNase and a l k a l i n e  
RNase a c t i v i t i e s .  De Duve e t  a l . (1955) i n v e s t i g a t e d  
w h e th e r  a c i d  RNase was t r u l y  p r e s e n t  i n  m i to c h o n d r i a  and 
showed t h a t  many a c id  h y d r o l a s e s ,  i n c l u d i n g  a c i d  RNase, 
were p r e s e n t  i n  ly so so m e s ,  a c l a s s  o f  p a r t i c l e  s e d im e n t in g  
more s lo w ly  t h a n  m i to c h o n d r ia ,  th o u g h  f a s t e r  t h a n  m ic ro so m es .  
S u b sequ en t s t u d i o s  c o n f irm ed  th e  ly s o s o m a l  l o c a t i o n  o f  a c i d  
RNase. T h is  and o t h e r  ly s o s o m a l  enzymes w i l l  be c o n s i d e r e d  
u n d e r  a s e p a r a t e  h e a d in g .
R e id  and Nodes (1959) o b s e rv e d  t h a t  a l k a l i n e  RNase was 
r e l e a s e d  fro m  a c ru d e  m i t o c h o n d r i a l  f r a c t i o n ,  b y  r e p e a t e d  
f r e e z i n g  and th aw in g  i n  i s o t o n i c  s u c r o s e ,  much more s lo w ly  
th a n  th e  ly s o s o m a l  enzym es, a c id  p h o s p h a ta s e  and a c i d  RN ase.
-  2 6  -
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p r e v i o u s l y  b e en  d e m o n s t r a te d  b y  G ia n e t to  and de Duve (1955)* 
B e n d a l l  (1958) had  a l s o  r e p o r t e d  t h a t  g lu ta m ic  d e h y d ro g e n a s e ,  
a t y p i c a l  m i t o c h o n d r i a l  enzym e, was l e s s  r e a d i l y  r e l e a s e d  
t h a n  a c id  p h o s p h a t a s e .  I t  t h u s  seemed p o s s i b l e  t h a t  
a l k a l i n e  RNase was n o t  a t y p i c a l  ly so so m a l  enzym e, b u t  m igh t 
p o s s i b l y  be  a m i t o c h o n d r i a l  enzyme. However, accom panying 
s t u d i e s  b y  R e id  and Nodes (1959) u s i n g ,  i n s t e a d  o f  s u c r o s e ,  
a d o x t r a n  r a f f i n o s e  medium, i n  w hich  m i to c h o n d r ia  sed im e n t  
a s  r e a d i l y  a s  i n  s u c ro s e  b u t  ly so so m es  se d im e n t  l e s s  r a p i d l y ,  
l e d  them  t o  t h e  f o l lo w in g  c o n c lu s io n s
’B o th  a l k a l i n e  RNase and a c i d  RNase a r e  p r e s e n t  n o t  
i n  m i to c h o n d r ia  b u t  i n  p a r t i c l e s  s i m i l a r  t o ,  i f  n o t  
i d e n t i c a l  w i t h ,  th e  ly so so m es  w hich  c o n t a i n  a c id  
p h o s p h a ta s e .  Assuming t h a t  t h e r e  i s  in d e e d  o n ly  
one a l k a l i n e  RNase i n  p a r t i c l e s  and t h a t  i t  i s  
l o c a t e d  i n  o n ly  one ty p e  o f  p a r t i c l e ,  t h e  s i m p le s t  
h y p o t h e s i s  t o  e x p l a i n  o u r  r e s u l t s  i s  t h a t ,  a l k a l i n e  
RNase i s  p r e s e n t  i n  p a r t i c l e s  t h a t  d i f f e r  f rom  
ly so so m es  i n  b e in g  l e s s  r e a d i l y  s e d i m e n te d .”
The e x a c t  l o c a t i o n  o f  a l k a l i n e  RNase i s ,  h o w e v er ,  s t i l l  
u n c e r t a i n .  Rahman (1967) com pared r e s u l t s  o b t a i n e d  u s i n g  a 
number o f  s e p a r a t i o n  t e c h n q i u e s ,  i n c l u d i n g  z o n a l  c e n t r i f u g ­
a t i o n  ( s e e  C hap te r  2 )  and fo u n d  a l k a l i n e  RNase was 
d i s t r i b u t e d  d i f f u s e l y  th r o u g h o u t  t h e  c y to p la s m .
The a l k a l i n e  RNase fo u n d  i n  th e  m i t o c h o n d r i a l  f r a c t i o n  
h a s  b e e n  p u r i f i e d  t o  v a r y in g  d e g re e s  b y  a number o f  w o r k e r s .  
R e id  and Nodes (1959) o b t a i n e d  a l k a l i n e  a c t i v i t y  f r e e  o f
-  27 -
a c id  RNase (an d  a l s o  a c i d  RNase w i th  a low c o n ta m in a t io n  
b y  a l k a l i n e  R N ase) , b y  u s in g  f i r s t  t h e  d i f f e r e n t i a l  r e l e a s e  
o f  th e  two enzymes on f r e e z i n g  and thaw ing  a m i t o c h o n d r i a l  
f r a c t i o n  and t h e n  b r i e f l y  h e a t i n g ,  a t  an a c i d  pH, t o  d e s t r o y  
th e  r e m a in in g  a c i d  a c t i v i t y .  Maver and Greco (1 9 5 6 ) 5 
R oth  (1957) and Zytko e t  a l . ( 1 958 ) a l s o  p u b l i s h  p a r t i a l  
p u r i f i c a t i o n  p r o c e d u r e s  b u t  a c i d  RNase was a lw ays a con tam ­
i n a n t  t o  be rem oved b y  h e a t i n g .  S u b s e q u e n t ly ,  Maver and 
Greco (1962) d e s c r i b e d  a c h ro m a to g ra p h ic  m ethod o f  s e p a r a t i n g  
a c id  and a l k a l i n e  RNase from  b o v in e  l i v e r .  B e a rd  and 
R a z z e l l  (196H-) p u r i f i e d  a l k a l i n e  RNase from  t h e  m i t o c h o n d r i a l  
and s u p e r n a t a n t  f r a c t i o n s  o f  p ig  l i v e r  a b o u t  3 3 0 00  t i m e s ,  
t h e  p r e p a r a t i o n  b e in g  f r e e  o f  a c i d  RNase, PD ase, and a l k a l i n e  
RNase i n h i b i t o r .  And Gordon (1965) o b t a i n e d  a p u r i f i e d  
a l k a l i n e  RNase, 6 ,6 0 0  t im e s  p u r i f i e d  from  r a t  l i v e r  whole 
h o m ogena te . Gordon*s p u r i f i c a t i o n  p r o c e d u r e ,  h o w ev er ,  d i d  
n o t  in v o lv e  a c e l l  f r a c t i o n a t i o n  s t e p  and assum ed t h e  
h o m o g en e ity  o f  t h e  s u p e r n a t a n t  enzyme and t h a t  o f  t h e  
s e d im e n ta b le  f r a c t i o n .
The s p e c i f i c i t y  o f  pH 7*8 a l k a l i n e  RNase ( i . e .  h a v in g  
an optimum a c t i v i t y  a t  pH 7*3) to w a rd s  d i f f e r e n t  s u b s t r a t e s  
h a s  n o t  b e en  w e l l - d e f i n e d .  In d e e d ,  i t  i s  n o t  c e r t a i n  
w h e th e r  th e  m i to c h o n d r i a l  and s u p e r n a t a n t  f r a c t i o n  a c t i v i t i e s  
r e p r e s e n t  one o r  two d i s t i n c t  enzym es. S te v e n s  and R e id
(1956) r e p o r t e d  t h a t  t h e  m i t o c h o n d r i a l  enzyme h y d r o ly s e d  
h ig h  m o le c u la r  w e ig h t  RNA more r a p i d l y  th a n  p a r t i a l l y  
d e g ra d e d  com m erc ia l  y e a s t  RNA, w h e rea s  th e  r e v e r s e  a p p e a re d  
t o  be t r u e  f o r  a c id  RNase. I t  h a s  b e en  s u g g e s te d  t h a t
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a l k a l i n e  RNase from  b o th  f r a c t i o n s  s p l i t s  t h e  p y r im id in e  
d i e s t e r  bonds o f  RNA. T h is  i s  s i m i l a r  t o  t h e  a c t i o n  o f  
b o v in e  p a n c r e a t i c  RNase and would a c c o u n t  f o r  th e  f o r m a t io n  
o f  n o n d i a l y s a b le  ’ c o r e 1 and f o r  th e  r e l a t i v e l y  slow  a t t a c k  
on p o ly  A shown by  B e e rs  ( I 9 6 0 ) .  A lthou gh  t h e r e  a re  
c o n f l i c t i n g  r e p o r t s  i n  t h e  l i t e r a t u r e ,  b o th  a c i d  and 
a l k a l i n e  RNase a p p ea r  t o  l i b e r a t e  m o n o n u c le o t id e s  w i th  2 1, ”- 
3 1c y c l i c  p h o sp h a te  end g ro u p s  (Maver and G reco , 1 9 6 2 ) .
The a l k a l i n e  RNase was r e p o r t e d  n o t  t o  h y d r o ly s e  c y c l i c  
n u c l e o t i d e s  (Z y tk o  e t  a l . . 1958 , R e id  and N odes , 1959)?  h u t  
t h i s  p r o p e r t y  may be one o f  d e g r e e ,  a s  i n  t h e  c a se  o f  
b o v in e  p a n c r e a t i c  RNase, w hich  h y d r o ly s e s  i n t e r n a l  
p h o s p h o d ie s t e r  bonds f a s t e r  t h a n  c y c l i c  m o n o n u c le o t id e s  
(B eard  and R a z z e l l ,  196V, Markham and S m ith , 1952 , b ) .
The a l k a l i n e  RNase p r e p a r e d  b y  B eard  and R a z z e l l  (196V)
+-fwas p a r t i a l l y  i n h i b i t e d  by  t h e  a d d i t i o n  o f  Mg and 
a c t i v a t e d  b y  EDTA.
Nodes (1959) f i r s t  r e p o r t e d  t h a t  m i t o c h o n d r i a l  
a l k a l i n e  RNase d id  n o t  a t t a c k  c y c l i c  n u c l e o t i d e s ,  and R e id  
and Nodes (1959) fo u n d  t h a t  any breakdow n o f  c y c l i c  n u c l e o ­
t i d e s  by  t h e  m i to c h o n d r i a l  f r a c t i o n  c o u ld  be  a t t r i b u t e d  t o  
a c id  RNase. N odes, R e id  and W h itc u t t  (1962) f r a c t i o n a t e d  
m i to c h o n d r i a l  p r e p a r a t i o n s  on columns o f  D E A E -c e l lu lo s e . 
S e v e r a l  p e a k s  o f  RNase a c t i v i t y  were o b t a i n e d .  The 
p r o t e i n  r e m a in in g  s o lu b l e  a f t e r  h e a t i n g  t o  60°  a t  pH 3 .5  
gave a s i n g l e  p eak  o f  a l k a l i n e  a c t i v i t y ,  w hich  a p p e a re d  
i d e n t i c a l  w i th  th e  a l k a l i n e  RNase o f  t h e  s o l u b l e  f r a c t i o n ,  
i n  pH optimum, i n  t h e  p o s i t i o n  o f  t h e  p e ak  and i n
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s p e c i f i c i t y .  N e i th e r  enzyme a t t a c k e d  e i t h e r  c y c l i c  
c y t i d y l i c  a c i d  o r  c y c l i c  u r i d y l i c  a c i d .  S u r p r i s i n g l y ,  
ho w ev er ,  t h e  a c i d  RNase p e a k ,  s e p a r a t e d  from  th e  s o l u b l e  
m a t e r i a l  r e l e a s e d  from  a h e a t - t r e a t e d  m i t o c h o n d r i a l  f r a c t i o n ,  
showed no a c t i v i t y  a g a i n s t  c y c l i c  n u c l e o t i d e s ,  w h e th e r  p u r i n e  
o r  p y r i m i d i n e .  The r e s u l t s  c o n c e rn in g  th e  a l k a l i n e  RNases 
wore n o t  i n  ag reem en t w i th  t h e  o b s e r v a t i o n s  o f  R o th  (1 9 5 9 ) )  
who t a b u l a t e d  a number o f  d i f f e r e n c e s  b e tw een  s u p e r n a t a n t  
a l k a l i n e  RNase and m i to c h o n d r i a l  RNase p r e p a r e d  b y  a 
p ro c e d u re  s i m i l a r  t o  t h a t  o f  N odes. The s u p e r n a t a n t  enzyme 
was more s u s c e p t i b l e  t o  i n h i b i t i o n  b y  l i l a c  l e a f  i n h i b i t o r  
and b y  r a t  l i v e r  s u p e r n a t a n t  RNase i n h i b i t o r .  The m i to ­
c h o n d r i a l  enzyme was more r e a d i l y  i n h i b i t e d  b y  c u p r i c  i o n s .  
Only t h e  s u p e r n a t a n t  enzyme d e g ra d e d  p o ly  U, w h e rea s  o n ly  
t h e  m i t o c h o n d r i a l  enzyme a t t a c k e d  u r i d i n e  2 1, 3 ’ - p h o s p h a te  
( c y c l i c  U ) . N e i th e r  enzyme a t t a c k e d  p o ly  A o r  c y c l i c  A.
I t  seems p r o b a b le  t h a t  t h e  a b i l i t y  o f  th e  m i t o c h o n d r i a l  
enzyme o r  enzymes t o  a t t a c k  c y c l i c  u r i d y l i c  a c i d  was 
d e s t r o y e d  b y  t h e  h e a t  t r e a t m e n t ,  t o g e t h e r  w i th  t h e  a c i d  
RNase. One p o s s i b l e  e x p l a n a t i o n  c o u ld  be t h a t  h e a t  
t r e a t m e n t  o f  t h e  m i to c h o n d r i a l  f r a c t i o n  d e s t r o y s  a s p e c i f i c  
m i to c h o n d r i a l  a l k a l i n e  RNase, l e a v in g  o n ly  t h e  c o n ta m in a t in g  
s o lu b le  f r a c t i o n  enzyme. (Nodes e t  a l . . 1962 , fo u n d  no  
s p e c i f i c i t y  o r  c h ro m a to g ra p h ic  d i f f e r e n c e s  b e tw een  h e a t e d  
s u p e r n a t a n t  a l k a l i n e  RNase and t h e  h e a t - t r e a t e d  m i t o c h o n d r i a l  
enzym e). The p r e c i s e  h e a t i n g  c o n d i t i o n s  u s e d  b y  R o th  may 
have  b e en  i n s u f f i c i e n t  t o  d e s t r o y  a l l  t h e  s p e c i f i c  
m i to c h o n d r i a l  enzyme. Nodes (1959) and R e id  and Nodes (1959)
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c o n c lu d ed  t h a t  t h e  f u r t h e r  breakdow n o f  c y c l i c  n u c l e o t i d e s  
was p ro b a b ly  e f f e c t e d  by  p h o s p h o d i e s t e r a s e s  and , s in c e  
c y c l i c  a d e n y l i c  a c i d  was d e g ra d e d  t o  2 1- a d e n y l i c  a c i d  b u t  
c y c l i c  c y t i d y l i c  a c id  gave 3 * - c y t i d y l i c  a c i d ,  t h e r e  may 
w e l l  be d i f f e r e n t  enzymes f o r  e ac h  n u c l e o t i d e .  Such 
d i e s t e r a s e s  have  b e en  d e s c r i b e d  by  R a z z e l l  (1961) b u t  t h e  
mode o f  a c t i o n  o f  p h o s p h o d i e s t e r a s e s  on c y c l i c  n u c l e o t i d e s ,  
how ev er ,  does  n o t  a p p e a r  t o  have  b e en  f u r t h e r  i n v e s t i g a t e d .
C u r t i s ,  Burdon and S m e ll ie  ( 1966 ) have  i s o l a t e d  a n o n ­
s p e c i f i c  n u c l e a s e  from  r a t  l i v e r  m i to c h o n d r ia  d i s t i n c t  
from  th e  enzyme d e s c r i b e d  b y  B eard  and R a z z e l l  ( 196V ) .
T h is  n u c le a s e  was p u r i f i e d  700 t im e s  and i t s  p r o p e r t i e s  
wore i n v e s t i g a t e d  b y  C u r t i s  and S m e ll ie  ( 1966 ) .  The 
optimum pH was 6 .8  -  7*0* The enzyme showed e n d o n u c l e o l y t i c  
a c t i v i t y  to w a rd s  RNA and DNA ( p r e f e r a b l y  s i n g l e - s t r a n d e d )  
and y i e l d e d  o l i g o n u c l e o t i d e s  w hich  t e r m in a t e d  w i th  a 5 !~ 
p h o sp h a te  g ro u p .  No c l e a r  s p e c i f i c i t y  was fo u n d  w i th  
r e s p e c t  t o  b a s e s  a t  th e  s i t e  o f  c l e a v a g e .  T here  was an 
a b s o l u te  r e q u i r e m e n t  f o r  Mjg++ o r  Mh4"1’ , b u t  Ca'i'+ and Na+" 
wore b o th  i n h i b i t o r y .  The enzyme was v e r y  e a s i l y  d e n a tu r e d  
b u t  c o u ld  be p r o t e c t e d  b y  r e d u c in g  a g e n t s  such  a s  
m o rc a p to o th a n o l .  • The enzyme a p p e a r s  t o  bo t h e  same a s  t h a t  
p r e p a r e d  from  r a t  l i v e r  m i to c h o n d r ia  by  M ora ls  e t  a l .
( 1967)3 w hich  a c c o u n ts  f o r  a b o u t  6V% o f  t h e  JpRNaso o f  r a t  
l i v e r  (do L am iran d e , 1967)3 and a p p e a rs  t o  be  l o c a t e d  i n  
b o th  th e  o u t e r  m i to c h o n d r i a l  membrane and i n  t h e  space  
be tw een  th e  two membranes, M orais  ( 1969) .  The enzyme h a s  
b e en  r e p o r t e d  t o  be a b s e n t  f rom  th e  m i to c h o n d r ia  o f
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N o v ik o f f  hepatom a c e l l s  (do L am iran d e , 1967)3 a l th o u g h  t h i s  
may he p a r t l y  due t o  t h e  re d u c e d  num bers o f  m i to c h o n d r ia  i n  
t h i s  t i s s u e .
Rahman ( 1966) r e p o r t e d  th e  p re s e n c e  o f  an a d d i t i o n a l  
a l k a l i n e  RNase i n  r a t  l i v e r  p a r t i c l e s  h a v in g  th e  f o l lo w in g  
p r o p e r t i e s .  I t  was n o t  a f f e c t e d  b y  r a t  l i v e r  s u p e r n a t a n t  
RNase i n h i b i t o r 5 was h e a t  and a c id  l a b i l e ,  and was s t r o n g l y  
i n h i b i t e d  by  EDTA and m o n o v a len t  and d i v a l e n t  c a t i o n s ,  
i n c l u d i n g  Mg i n  h ig h  c o n c e n t r a t i o n s ,  a l th o u g h  i t  was 
a c t i v a t e d  b y  v e r y  low  c o n c e n t r a t i o n s  o f  Mg4"1*. The enzyme 
was o p t i m a l l y  a c t i v e  a t  pH 9*5* A c t i v i t y  was en h an c ed  by  
th e  p r e s e n c e  o f  n o n io n ic  d e t e r g e n t  ( T r i t o n  X -1 0 0 ) , and was 
s u b j e c t  t o  s u b s t r a t e  i n h i b i t i o n  w i th  on RNA c o n c e n t r a t i o n  
o f  more t h a n  2 mg/ml. The enzyme i s  r e f e r r e d  t o  a s  
’ a l k a l i n e  9*5 RNase* b u t ,  s in c e  th e  s p e c i f i c i t y  h a s  n o t  
be en  d e te r m in e d ,  i t  may be e i t h e r  an e n d o n u c le a se  o r  an 
e x o n u c le a s e ,  a l th o u g h  i t s  p r o p e r t i e s  a re  n o t  co m parab le  
w i th  any o f  t h e  PDases d e s c r i b e d  b y  R a z z e l l  ( I 96I ) .  I n  
f u r t h e r  work Rahman ( 1967) a t t e m p te d  t o  d e te rm in e  w h e th e r  
t h e  v e r y  h e te ro g e n e o u s  d i s t r i b u t i o n  o f  t h i s  ty p e  o f  RNase 
a c t i v i t y  among th e  v a r i o u s  s u b c e l l u l a r  f r a c t i o n s  w ould  be 
e x p la in e d  by  e i t h e r  th e  i m p u r i t y  o f  th e  f r a c t i o n  p r e p a r e d  
b y  c l a s s i c a l  t e c h n iq u e s  o r  a d s o r p t i o n  o f  s u p e r n a t a n t  RNase 
o n to  t h e  v a r i o u s  p a r t i c l e s .  The u se  o f  a number o f  
d i f f e r e n t  f r a c t i o n a t i o n  p r o c e d u r e s  i n d i c a t e d  t h a t  35$ o f  
th e  a l k a l i n e  9*5 RNase a c t i v i t y  was i n  th e  m i t o c h o n d r i a .
The d e g re e  o f  enzyme s o l u b i l i s a t i o n  on t r e a t i n g  th e  
m i t o c h o n d r i a l  and m ic ro som al f r a c t i o n s  w i th  w a te r  and
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T r i t o n  X -1 0 0 , t o g e t h e r  w i th  th e  s o l u b i l i s a t i o n  s t u d i e s  o f  
R o th  ( I9 6 0 )  l e d  Rahman t o  c o n c lu d e  t h a t  t h e  d i f f u s e  
d i s t r i b u t i o n  o f  b o th  a l k a l i n e  RNases among t h e  r a t  l i v e r  
o r g a n e l l e s  was n o t  due t o  an a d s o r b t io n  a r t i f a c t .  R o th
(1 967) r e v ie w in g  Rahman’ s r e s u l t s ,  sum m arises t h a t  
" a l k a l i n e  9*5 RNase i s  l o c a t e d  i n  th e  s e d im e n ta b le  
f r a c t i o n  a p p a r e n t l y  a s s o c i a t e d  w i th  m em branes". However, 
j u s t  as  Rahman had  shown ( 1966 ) t h a t  t h e  t r e a t m e n t  o f  
m i t o c h o n d r i a l  and m ic ro som al f r a c t i o n s  w i th  T r i t o n  X-100 
s o l u b i l i s e d  10- 15% o f  th e  enzyme a c t i v i t y  i n  th e  fo rm er  
f r a c t i o n ,  and n o t  more t h a n  5$ i n  th e  l a t t e r  f r a c t i o n ,
i t  would seem t h a t  R o th ’ s comment was n o t  e n t i r e l y  j u s t i f i e d .
A lk a l in e  9 .5  RNase h a v in g  such i o n i c  and s u b s t r a t e  
c o n c e n t r a t i o n  r e q u i r e m e n ts  does  n o t  make a l a r g e  c o n t r i b ­
u t i o n  t o  th e  whole homogonate RNase a c t i v i t y .  On th e  
o th e r  h a n d , d a t a  i s  l a c k in g -  c o n c e rn in g  th e  c o n t r i b u t i o n  
made by  th e  5 ,DNa.se and e n d o n u c le a se  d e s c r i b e d  ab ove .
R a z z e l l  (1961) showed t h a t  a c id  3 !PD ase, a s s a y e d  w i t h  
p - n i t r o p h c n y l  e s t e r s ,  was fo u n d  i n  r a t  l i v e r  p r e d o m in a n t ly  
i n  th e  s u p e r n a t a n t  and m i t o c h o n d r i a l  f r a c t i o n s .  However, 
i n  s p i t e  o f  th e  f a c t  t h a t  do Duve had  d e m o n s tr a te d  th e  
p r e s e n c e  o f  ly so so m es  i n  t h e  s o - c a l l e d  1 m i t o c h o n d r i a l 1 
f r a c t i o n  s e v e r a l  y e a r s  e a r l i e r ,  i n  1955$ R a z z e l l  f a i l e d  t o  
i n v e s t i g a t e  th e  d i s t r i b u t i o n  o f  t h i s  enzyme b e tw een  th e  
m i to c h o n d r ia  and th e  ly so so m e s .  Van Dyck and W a t t ia u x
(1968) and E r e c in s k a  e t . a l . (1969) have  s u b s e q u e n t ly  shown 
a c id  3 ’PDase t o  be p re d o m in a n t ly  a ly s o s o m a l  enzyme.
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3 ( I I I )  Lysosom al f r a c t i o n
Do Duvg ot al. (1955) demonstrated the existence of a 
now class of cell particles - the ’lysosomes’ - found in the 
so-called ’mitochondrial’ fraction, and introduced a new 
’cut’ in the differential centrifugation fractionation 
procedure to give the ’lysosomal1 fraction, although the 
purification is poor hy differential centrifugation alone. 
Further purification procedures for lysosomes are discussed 
elsewhere in this thesis.
In  r a t  l i v e r ,  RNase a c t i v i t y  a t  an a c i d  pH a p p e a rs  
t o  be p re d o m in a n t ly  a s s o c i a t e d  w i th  t h e  ly so so m a l  f r a c t i o n  
w h i le  some a c t i v i t y  i s  fo u n d  i n  th e  s u p e r n a t a n t  f r a c t i o n .  
The e a r l y  s u g g e s t i o n  (R e id  and N odes, 1963) t h a t  th e  
a c t i v i t y  i n  th e  two f r a c t i o n s  was due t o  two enzym es, h a s  
b e en  s u p p o r te d  b y  th e  work o f  F u t a i  e t  a l . ( 1969) .  The 
a c i d  RNase t h a t  seems t o  be  l o c a t e d  i n  th e  ly so so m e s  h a s  
b e en  s t u d i e d  and p a r t i a l l y  p u r i f i e d  from  e i t h e r  a ly s o s o m a l  
f r a c t i o n  o r  from  a c ru d e  ’m i t o c h o n d r i a l ’ f r a c t i o n ,  b y  a 
number o f  w o rk e r s ,  e . g . ,  S te v e n s  and R eid  (1 9 5 6 ) ,  Maver and 
Greco (1 9 5 6 ) ,  R oth  (1957), Zytko e t  a l . (1958), B e r n a r d i  and 
B e r n a r d i  (1966) , F u t a i  e t  a l . ( 1 9 6 9 ) .  E a r l y  ly s o s o m a l  
a c i d  RNase p r e p a r a t i o n s  were n o t  p u r i f i e d  t o  t h e  same 
e x t e n t  as  m i to c h o n d r i a l  a l k a l i n e  RNase and were p r o b a b l y  
c o n ta m in a te d  w i th  PD ase, m i to c h o n d r i a l  a l k a l i n e  RNase, and 
p o s s i b l y  o t h e r  n u c l e a s e s ,  so  t h a t  s p e c i f i c i t y  s t u d i e s  w ere  
u n r e l i a b l e .  B e r n a r d i  and B e r n a r d i  ( 1966) p r e p a r e d  a c i d  
RNase f r e e  o f  a l k a l i n e  a c t i v i t y  from  hog s p l e e n ,  and F u t a i  
e t  a l . ( 1969 ) have  now o b ta in e d  a ly so so m a l  a c i d  RNase f r e e
o f  a l l  o th e r  known n u c l o o l y t i c  enzymes o f  r a t  l i v e r .  B e r n a r d i  
and B e r n a r d i  o b se rv e d  two p e a k s  o f  a c id  a c t i v i t y  when c ru d e  
ly so so m a l  RNase p r e p a r a t i o n s  from  hog s p l e e n  wore f r a c t i o n ­
a te d  on DEAE-Sophadex 5 °  co lum ns, and Bock e t  a l . (1968) 
o b t a in e d  s i m i l a r  r e s u l t s  w i th  r a t  l i v e r ,  b u t  th e  two a c i d  
RNase p e ak s  wore n o t  com pared , and i n  any c a se  may have  
be en  c o n ta m in a te d  w i th  a l k a l i n e  RNase.
Acid RNase i s  o p t im a l l y  a c t i v e  b e tw een  pH 5 -6  and , 
u n l i k e  m i to c h o n d r i a l  and s u p e r n a t a n t  a l k a l i n e  RNase, i t  
i s  h e a t -  and a c i d - l a b i l e .  S te v e n s  and R e id  (1956) 
r e p o r t e d  t h a t  a c i d  RNase d e g ra d e d  low m o le c u la r  w e ig h t  RNA 
more r e a d i l y  t h a n  h ig h  m o le c u la r  w e ig h t  RNA. There  
a p p e a re d  t o  be no b a se  s p e c i f i c i t y  (R e id  and N odes, 1959 , 
and Maver and G reco , 1962) and e x h a u s t iv e  d i g e s t i o n  l e f t  
no  n o n d i a l y s a b l e  ’ core* such  as i s  r e p o r t e d  t o  bo l e f t  by
 m i to c h o n d r i a l  a l k a l i n e  RNase. -The a c i d  RNase p r o p e r  a t  j on-----
o f  F u t a i  e t  a l . showed no DNase o r  PDase a c t i v i t y  and 
d e g ra d ed  RNA t o  P ^ S ' - c y c l i c  n u c l e o t i d e s ,  w hich  were 
f u r t h e r  h y d r o ly s e d  t o  3 ’- n u c l e o t i d e s . EDTA c r  Mg~:~+ h ad  
l i t t l e  e f f e c t  on t h e  enzyme a c t i v i t y ,  b u t  Cu++ , Zn*r+ and 
Kg+*r were s t r o n g l y  i n h i b i t o r y  -  l i k e  a l k a l i n e  pH 9 . 5  RNase 
b u t  u n l ik e  a l k a l i n e  pH 7*8 RNase, w hich  i s  o n ly  s l i g h t l y  
i n h i b i t e d  b y  th o s e  c a t i o n s .
Sawant e t  a l . (1 9 6 V )  h a s  shown t h a t  a c id  RNase i s  
r e l e a s e d  le .s s  r e a d i l y  from  ly so so m es  th a n  some o f th e  
o th e r  ly s o s o m a l  h y d r o l a s e s ,  b o th  when ly so so m es  o re  
d i s r u p t e d  b y  f r e e z e - th a w in g  and by  s t a n d in g  i n  i s o t o n i c  
s u c r o s e .  F u r tn e rm o ro ,  F u t a i  e t  a l .(1 9 6 9 )  showed t h a t
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a c id  t r e a tm e n t  o f  t h e  s u p e r n a t a n t  from  d i s r u p t e d  lysosom e 
was n e c e s s a r y  t o  o b t a i n  t o t a l  a c id  RNase a c t i v i t y ,  a l th o u g h  
t h e  a c i d  may m e re ly  be b r e a k in g  up RNase a g g r e g a t e s .
E a r l y  s t u d i e s  on th e  s u b c e l l u l a r  d i s t r i b u t i o n  o f  a c i d  
and a l k a l i n e  PDase were c o n f u s in g .  R a z z e l l  (1961) u s i n g ,  
r e s p e c t i v e l y ,  p - n i t r o p h e n y l  t h y m id in e - 5 ’- p h o s p h a te  
( p - n p t - 5 1-p )  and p - n p t - 3 ’-p  a s  s u b s t r a t e s ,  r e p o r t e d  t h a t  a 
PDase most a c t i v e  a t  pH 9? was p r e s e n t  i n  t h e  ’l y s o s o m a l /  
m ic ro s o m a l’ and ’n u c l e a r ’ f r a c t i o n s ,  w h i le  a c i d  PD ase, 
m ost a c t i v e  a t  pH 6 ,  was p r e s e n t  i n  t h e  m i t o c h o n d r i a l  and 
s u p e r n a t a n t  f r a c t i o n s .  L a t e r  s t u d i e s 5 f o r  e x am p le , by  
van  Dyck and W a tt ia u x  ( 1 9 6 8 ) ,  B r i g h t w e l l  and T ap p e l  (1 9 6 8 , a ) ,  
have  f a i l e d  t o  c o n f i rm  th o s e  l o c a t i o n s .  I t  would  a p p ea r  
t h a t  a l k a l i n e  PDase i s  c o m p le te ly  a b s e n t  from  ly so so m es  
( E re c in s k a  e t  a l . , 1969) b u t  t h a t  a c id  PDaso i s  p r i m a r i l y  
l y s o s o m a l .  R a z z e l l ’ s a c i d  PDase i s  p r o b a b ly  i d e n t i c a l  
w i th  t h e  ly s o s o m a l  enzyme s t u d i e d  by  B r i g h t w e l l  and T a p p e l ,  
(1 9 6 8 , a) w hich  h y d r o ly s e d  p - n p t - 5 ’ -p w i th  maximum a c t i v i t y  
a t  pH 5*2. B r i g h tw e l l  and T ap p e l  h a v e ,  i n  f a c t ,  fo u n d  
two p e a k s  o f  a c t i v i t y  h y d r o ly s in g  p - n p t - 5 ’~p a t  pH 3 ,2  and 
5 .2  r e s p e c t i v e l y  b u t ,  when b i s ( p ~ n i t r o p h e n y l ) p h o s p h a t e  
( b i s ( p - n p ) p )  was u se d  a s  s u b s t r a t e ,  t h e r e  was a s i n g l e  p e ak  
o f  PDase a c t i v i t y  a t  pH 5*2 and th e  pH a c t i v i t y  c u rv e  
c l o s e l y  fo l lo w e d  t h a t  o f  ly so so m a l  a c id  p y r o p h o s p h a ta s e .  
B r i g h tw e l l  and T ap p e l s u g g e s te d  t h a t  a c id  p y ro p h o s p h a ta s e  
was r e s p o n s i b l e  f o r  most o f  th e  PDase a c t i v i t y  a t  pH 5»2 
w i th  t h i s  s u b s t r a t e .  C h ro m ato g rap h ic  and o t h e r  s t u d i e s  
showed t h a t  t h e  two pH 5*2 enzymes were n o t  i d e n t i c a l  and
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t h e  pH 5*2 PDase d id  h y d r o ly s e  b i s ( p - n p ) p .  A cid  pH 5*2 
PDase, t h e y  fo u n d ,  was u n a f f e c t e d  b y  Mg++, Ca++ and EDTA,
An ’a c i d  e x o n u c l e a s e ’ h a s  b e en  d e s c r i b e d  by  v an  Dyck 
and W a tt ia u x  (1968) w hich  i s  s p e c i f i c a l l y  l o c a t e d  i n  th e  
ly so so m e s .  The enzyme was a s s a y e d  a t  pH 5*0 u s in g  ’ c o r e ’ 
DNA^/as s u b s t r a t e  and was r e a d i l y  s e p a r a t e d  from  a c i d  DNase 
b y  c h ro m a to g rap h y  on h y d r o x y a p a t i t o .  T h is  enzyme i s  
p o s s i b l y  i d e n t i c a l  w i th  one o f  t h e  two a c id  PDases d e s c r i b e d  
b y  B r i g h t w e l l  and T ap p e l  b u t  no d i r e c t  co m p a r iso n  can  be 
made s in c e  B r i g h tw e l l  and T ap p e l  d id  n o t  i n v e s t i g a t e  th e  
h y d r o l y s i s  o f  o l i g o n u c l e o t i d e s  o r  n u c l e i c  a c i d s .
3 (IV) Micro so m a l  f r a c t i o n
The m ic ro som al f r a c t i o n ,  a s  p r e p a r e d  b y  d i f f e r e n t i a l  
c e n t r i f u g a t i o n  i s  e x t r e m e ly  h e te ro g e n o u s  (R e id ,  1 9 6 7 )9 and 
c a re  i s  n e e d e d ,  t h e r e f o r e ,  when i n t e r p r e t i n g  t h e  o c c u r r e n c e  
o f  an  enzyme a c t i v i t y  i n  t h i s  f r a c t i o n ,  i n  te rm s  o f  th e  
s u b c e l l u l a r  l o c a t i o n  o f  an enzyme. N e v e r t h e l e s s ,  membranes 
o f  t h e  e n d o p la sm ic  r e t i c u l u m  w i th  t h e i r  bound p o ly so m e s ,  
t o g e t h e r  w i th  f r e e  p o ly so m es ,  fo rm  a v e r y  l a r g e  p o r t i o n  o f  
th e  f r a c t i o n ,  and i t  i s  r e a s o n a b le  t o  make th e  i n i t i a l  
a s su m p tio n  t h a t  an enzyme c o n c e n t r a t e d  i n  t h e  m ic ro so m al 
f r a c t i o n  d e r i v e s  from  one o f  t h e s e  s t r u c t u r e s .  P lasm a 
membrane com ponents a re  u s u a l l y  fo u n d  i n  t h e  m ic ro so m al 
f r a c t i o n  b u t  t h e  n u c l e o l y t i c  enzymes o f  p u r i f i e d  p la sm a  
membrane w i l l  be d is 'c u s s e d  u n d e r  a s e p a r a t e  h e a d in g .
M orais and de Lam irande ( 1 9 6 5 , a) r e p o r t e d  a 5*PDase 
and an RNase i n  r a t  l i v e r  m ic ro  somes and ( 1 9 6 5 , b )  a 
f u r t h e r  e n d o n u c le a se  (pH 7*0) j w hich  y i e l d e d  o l i g o n u c l e o t i d e s
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w i th  a 5 , ~phosphom onoQster end g ro u p .  De L am iran d e ,
B o i l e a u  and M orais (1966) d e te rm in e d  th e  d i s t r i b u t i o n  o f  
t h e s e  t h r e e  enzymes b e tw een  th e  r ib o so m e s  and th e  membranous 
p a r t s  o f  th e  f r a c t i o n .  RNase was l o c a t e d  i n  t h e  r ib o so m e s  
and PDase and 5*- e n d o n u c le a s e  were p a r t  o f  t h e  membrane 
sy s te m . S u b seq u e n t  d i s t r i b u t i o n  s t u d i e s  (de  L am iran d e , 
M orais  and B l a c k s t e i n ,  1967) showed t h a t  t h e  5 ’- e n d o n u c le a s e  
was fo u n d  i n  o t h e r  c e l l u l a r  f r a c t i o n s ,  and was m ax im ally  
a c t i v e  i n  t h e  m i t o c h o n d r i a l  and n u c l e a r  f r a c t i o n s  o f  
no rm al l i v e r ,  a l th o u g h  th e  m i to c h o n d r i a l  a c t i v i t y  was 
a b s e n t  from  h epatom as (de  L am iran d e , 1967 ) .
The 5*PDase (pH 9 -0 )  fo u n d  b y  de L am iran d e ,  B o i l e a u  
and M orais ( 1966) was r e p o r t e d  t o  be s o l e l y  i n  t h e  n u c l e a r  
and m icrosom al f r a c t i o n s  and a p p e a rs  t o  be t h e  same enzyme 
a s  t h a t  d e s c r i b e d  by  R a z z e l l  ( 196I )  i n  t h e  ’ ly s o s o m a l /  
m ic ro so m a l’ and n u c l e a r  f r a c t i o n s . Under t h e  d i f f e r e n t i a l  
c e n t r i f u g a t i o n  f r a c t i o n a t i o n  p r o c e d u r e s  u s e d ,  t h i s  would 
be th e  a p p a r e n t  d i s t r i b u t i o n  p a t t e r n  one w ould  e x p e c t  f o r  
a p lasm a  membrane enzyme ( H in to n ,  197°) an d , r e c e n t l y ,
5 ’PDase h a s  b e e n  shown t o  be a lm o s t  e n t i r e l y  l o c a t e d  i n  
t h e  p lasm a  membrane ( S r e c i n s k a ,  S ie rak o w sk a  and S h u g a r ,
1969)♦
T a s h i ro  (1958) was th e  f i r s t  t o  show th e  p r e s e n c e  
o f  a l k a l i n e  RNase i n  r a t  l i v e r  r ib o s o m e s .  The endogeno us 
RNA o f  th e  r ib o so m e s  was d e g ra d e d  m ost r a p i d l y  a t  pH 8 . 0  
and u n l ik e  th e  m i c r o b ia l  RNase i n v e s t i g a t e d  b y  E ls o n (1 9 5 8 )  
t h e r e  was no  e v id e n c e  f o r  l a t e n c y  o f  t h e  a c t i v i t y .  The 
3 ’RNase (pH 8 .0 )  , o f  th e  r ib o so m e s  was i n h i b i t e d  b y  Mg++
-  38 -
(up t o  7°$) and was a c t i v a t e d ,  up t o  5 t i m e s ,  by  EDTA 
(de  L am iran d e , B o i le a u  and M o ra is ,  1 9 6 6 ) ,  EDTA c o m p le te ly  
i n h i b i t e d  t h e  m ic ro so m al 5 1PDase a c t i v i t y  so  t h e  PDase d id  
n o t  i n t e r f e r e  w i th  t h e  RNase a ssay*  RNase s p e c i f i c  
a c t i v i t y  i n  r ib o so m e s  was a b o u t  30 t im e s  g r e a t e r  t h a n  i n  
s o l u b i l i s e d  membranes, t h e  r e v e r s e  b e in g  t r u e  f o r  PD ase.
P o ly  A was u s e d  a s  s u b s t r a t e  i n  5 TRNase a s s a y  ~ t h i s  was 
n o t  d e g ra d ed  by  th e  pH 8*0 RNase. E ls o n  (1958) h ad  
p r e v i o u s l y  r e p o r t e d  t h a t  m i c r o b i a l  m ic ro som al RNase was 
i n a c t i v e  to w a rd s  h o m o p o ly n u c le o t id e s ,  and a l k a l i n e  RNase 
o f  th e  m i to c h o n d r ia  and s u p e r n a t a n t  f r a c t i o n s  i s  s i m i l a r l y  
i n a c t i v e  to w a rd s  p o ly  A (R o th ,  1959, M orais and de 
L am irand e , 1 9 6 5 ) .  5 !PDase h a s  b e e n  r e p o r t e d  i n  t h e  
r ib o so m e s  o f  g o a t  b r a i n  b y  D a t t a  and Ghosh (196V ).
The l o c a t i o n  o f  th e  t h r e e  enzymes 5 !PDase (pH 9 . 0)9 
3 ’RNase and 5 !-Q frdonuclease  w i t h i n  t h e  m ic ro so m al f r a c t i o n ,  
a s  d e s c r i b e d  by  de L a m ira n d e ’ s te a m , d i f f e r s  from  t h a t  
o b se rv e d  i n  b a c t e r i a ,  where t h e y  have  a l l  b e en  r e p o r t e d  
t o  be  i n  t h e  r ib o s o m e s ,  e . g . ,  Andoh e t  a l . (1963)> Spahr 
(196V ).
T here  have  b e en  a number o f  r e p o r t s  on th e  l a t e n c y  o f  
RNase i n  m ic r o b ia l  r ib o s o m e s .  T a l  and E ls o n  ( 1 9 6 3 ) ,  and a l s o  
Neu and H eppe l ( 196V, b ) , showed t h a t  E . c o l i  r ib o s o m a l  
RNase was o n ly  a c t i v e  to w a rd s  r ib o s o m a l  RNA when th e  
n u c l e o p r o t e i n  s t r u c t u r e  was d e s t r o y e d ,  and S c h e l l  ( 196 6 ) # 
d e m o n s tra te d  t h a t  RNase a c t i v i t y  was t h e  p rim e  c a u se  o f  
’t h e r m a l ’ d e c o m p o s i t io n  o f  E . c o l i  r ib o so m e s  once t h e  
r ib o so m e s  h ad  b een  s p l i t  i n t o  t h e  30 S and 50 S s u b u n i t s .
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To p r e v e n t  a u to d e g r a d a t i o n  o f  po lysom es fay i n h e r e n t  RNase, 
i t  i s  now a s t a n d a r d  t e c h n iq u e  i n  th e  p r e p a r a t i o n  o f  
s ta fa le  po lysom es and r ib o s o m e s ,  from  m ic ro b e s  and a n im a l  
t i s s u e ,  t o  add  RNase i n h i b i t o r ,  e . g . ,  B lofael and P o t t e r  
(1 9 6 6 ) ,  Law ford  e t  a l . ( 1966) .
Rifaosomal RNase and PDase, and a l s o  p o l y n u c l e o t i d e  
p h o s p h o ry la s e  i n  E. c o l i  rifaosom es do , ho w ev er ,  a p p e a r  
r e s p o n s i b l e  f o r  t h e  i n  v i t r o breakdown o f  mRNA (Andoh, 
N a t o r i  and M izuno, 1963 , and Artman and E ngelfae rg , 196*+). 
Spahr and H o l l in g w o r th  (1961) p u r i f i e d  t h e  RNase from  
E . c o l i  rifaosom es and A r th an  c a l c u l a t e d ,  f rom  th e  mRNA 
d e g r a d a t i o n  r a t e ,  t h a t  i n  E. c o l i  t h e r e  was one m o le cu le  
o f  RNase f o r  e v e r y  t e n  r ifaosom es. I t  i s  s i g n i f i c a n t  t h a t ,  
when S ta v y ,  Feldman and E l  son (196*+) lo o k e d  f o r  RNase 
a c t i v i t y  i n  r a b b i t  r e t i c u l o c y t e  r ifaosom es, t h e y  fo u n d
 v e r y  l i t t l e  a c t i v i t y  compared w i th  l i v e r  r ifaosom es. The
r e t i c u l o c y t e s ,  h a v in g  no n u c l e a r  D N A ,require  s ta fa le  mRNA.
S i e k e v i t z  and P a la d e  (1 9 6 2 ) ,  and S i e k e v i t z  ( 1963)? 
have  s t u d i e d  enzymes a s s o c i a t e d  w i th  t h e  rifaosom es o f  
g u in e a  p ig  p a n c r e a s .  T h is  i s  a q u i t e  d i f f e r e n t  sy s te m  
from  l i v e r ,  a s  th e  p a n c r e a s  i s  p ro d u c in g  l a r g e  q u a n t i t i e s  
o f  RNase f o r  d i g e s t i o n .  The rifaosom es c o n t a i n  a b o u t  
1 ,0 0 0  t im e s  th e  a c t i v i t y  o f  l i v e r  rifaosom es and RNase was 
v e r y  r e a d i l y  r e l e a s e d  from  th e  rifaosom es fay v a r i o u s  
r e a g e n t s .  S i e k e v i t z  a l s o  showed t h a t  c a l f  l i v e r  rifaosom es 
r e a d i l y  bound t o  p a n c r e a t i c  RNase, U sing  r a d i o a c t i v e  
l a b e l l e d  RNase he d e m o n s t ra te d  an exchange  o f  RNase 
m o le c u le s  be tw een  th o s e  i n  s o l u t i o n  and th o s e  i n  th e
r ib o s o m a l  p a r t i c l e .  However, S i e k e v i t z  d id  n o t  a t t e m p t  
t o  d e te rm in e  w h e th e r  t h e r e  was any  exchange b e tw ee n  th e  
endogenous RNase a c t i v i t y  o f  th e  r ib o so m es  w i th  added 
p a n c r e a t i c  RNase, so i t  i s  n o t  p o s s i b l e  t o  c o n c lu d e  w h e th e r  
RNase i s  p r e s e n t  i n  r ib o so m e s  i n  v i v o , o r  i s  p r e s e n t  o n ly  
a s  an a r t i f a c t  o f  t h e  h o m o g e n is a t io n  p r o c e d u r e .  These 
r e s u l t s ,  ho w ev er ,  d i d ,  i n  p a r t ,  s u p p o r t  t h e  p o s t u l a t i o n  
o f  R o th  e t  a l . (196*+) t h a t  RNase was n o t  a f u n c t i o n a l  p a r t  
o f  r ib o so m e s  o r  p o ly so m e s5 th e  RNase p r e s e n t  i n  t h e  
m ic ro som al f r a c t i o n  was p a r t l y  m i to c h o n d r i a l  c o n ta m in a t io n ,  
p a r t l y  a d s o r b t i o n  b y  th e  R N A -co n ta in in g  r ib o so m e s  o f  RNase 
r e l e a s e d  d u r in g  c e l l  h o m o g e n is a t io n  and a l s o  c o n ta m in a t in g  
lysosom e f r a g m e n ts .  R o th  ( 1967 ) p u b l i s h e d  a g e n e r a l  
w ork ing  h y p o t h e s i s  c o n c e rn in g  th e  n a t u r e  o f  RNase and i t s  
r e l a t i o n  t o  m essenger and r ib o s o m a l  RNA;
"Normal r a t  l:*ver r ib o so m e s  and po lysom es do n o t  
c o n t a i n  RNase a c t i v i t y .  R ibosom es may, h o w ev er ,  
a r t i f a c t u a l l y  i n c o r p o r a t e  RNase e i t h e r  i n  v i v o , 
th ro u g h  an as  y e t  unknown p h y s i o l o g i c a l  p r o c e s s  
o f  d i s a g g r e g a t i o n  and r e a g g r e g a t i o n  o f  r ib o s o m e s ,  
o r  i n  v i t r o a t  t h e  t im e  o f  t i s s u e  h o m o g e n is a t io n  
and r ib o s o m a l  p r e p a r a t i o n .  The a r t i f a c t u a l  r ib o so m e s  
a r e  n o t  u n s t a b l e ,  b u t  t h e y  may, u n d e r  th e  p r o p e r  
c o n d i t i o n s ,  u n d e rg o  a u to d e g r a d a t i o n  o r  d e g ra d e  
a t t a c h e d  m essenger RNA or b o th e "
R o th  p o i n t e d  o u t  t h a t  o t h e r  RN A -degrading  enzymes 
such  a s  PDase and m i c r o b ia l  p o l y n u c l e o t i d e  p h o s p h o r y la s e  
may w e l l  be p r e s e n t  i n  r ib o so m e s  i n  v i v o , and s u g g e s te d
-  b-1 ~
t h a t  r ib o so m e s  c o n ta in i n g  no RNase m igh t be p a r t i c l e s  
w hich  have  c o m p le te d ,  t e m p o r a r i l y  o r  p e rm a n e n t ly ,  t h e i r  
fu n c t io n ,  i n  p r o t e i n  s y n t h e s i s  a n d ,  t h e r e f o r e ,  have  r e l e a s e d  
th e  RNase i n t o  t h e  medium.
L e s l i e  (1961) s u g g e s te d  t h a t  some h i s t o r i e s ,  b o th  i n  
r ib o so m e s  and c e l l  n u c l e i ,  were i n  r e a l i t y  RNases and t h a t  
th e  RNases a c t e d  a s  gene r e g u l a t o r s .  However, l a t e r  work 
by  M a r t in  e t  a l .  (1963) showed c o n s i d e r a b l y  l e s s  RNase 
a c t i v i t y  i n  th e  h i s t o n e  p r e p a r a t i o n s .  I t  i s  l i k e l y  t h a t  
t h e  RNase a c t i v i t y  fo u n d  b y  L e s l i e  was due t o  c o n ta m in a t io n  
( s e e  a l s o 1N u c le a r  f r a c t i o n ’ ) .
I t  i s  d i f f i c u l t  t o  a s s e s s  th e  p e r c e n t a g e s  o f  th e  
c e l l u l a r  RNase a c t i v i t i e s  t h a t  a re  l o c a t e d  i n  th e  n u c l e i .  
E a r l y  s t u d i e s  on th e  n u c le a s e  a c t i v i t y  i n  th e  n u c l e a r  
f r a c t i o n  u s e d  p r e p a r a t i o n s  o f  q u e s t i o n a b le  p u r i t y  and 
hence  S c h n e id e r  and Kogebcom (1952) and R o th  ( 1956) c o u ld  
o n ly  co n c lu d e  t h a t  th e  RNase o f  r a t  l i v e r  n u c l e a r  f r a c t i o n  
a c c o u n te d  f o r  be tw een  3 and ±5fo o f  th e  t o t a l  c e l l u l a r  
a c t i v i t y .  In  many more r e c e n t  r e p o r t s  th e  p u r i t y  o f  th e  
n u c l e i  h a s  n o t  b een  d e te rm in e d  and even  when h i g h l y  
p u r i f i e d  n u c l e i  have  been  s t u d i e d  th e  l u v o l  o f  RNase a c t i v i t y  
a p p e a rs  t o  be d ep en d en t  on th e  mode o f  p r e p a r a t i o n ,  w h e th e r  
aqueous o r  n o n a q u eo u s .
The p r e s e n c e  o f  b o th  a c i d  and a l k a l i n e  RNase i n  
c ru d e  p r e p a r a t i o n s  o f  r a t  l i v e r  n u c l e i  was f i r s t  r e p o r t e d  
by  R oth  (195)+) and by  A l l a r d ,  de Lam irando and C a n te ro
(1957) • Level.s o f  a c i d  RNase i n  k id n e y ,  thym us and
-  k 2  -
s p l e e n  were s u b s t a n t i a l l y  h i g h e r  t h a n  i n  l i v e r  (R o th ,  1 9 5 6 ) .  
Mien, h ow ever, R o th  fo u n d  l*r.8$  o f  t h e  t o t a l  a c i d  RNase 
i n  th e  l i v e r  n u c l e a r  f r a c t i o n ,  he c o n s id e r e d  t h i s  t o  be 
e i t h e r  c o n ta m in a t io n  by  ly s o s o m a l  RNase o r  a r e s i d u a l  
a c t i v i t y  o f  n u c l e a r  a l k a l i n e  a c t i v i t y  a t  pH 5*9• The 
p r e s e n c e  o f  b o th  a c i d  and a l k a l i n e  RNase i n  n u c l e i  was 
c o n f i rm e d  by  R e id ,  E l - A a s e r ,  T u rn e r  and S i e b e r t  (196*+) 
u s in g  h i g h l y  p u r i f i e d  n u c l e i  b u t  t h e y  d id  n o t  c o n f i rm  th e  
v e r y  h ig h  p r o p o r t i o n  o f  a c i d  RNase fo u n d  b y  R o th  (1 9 5 6 ) .  
P r e p a r a t i o n s  o f  b o th  aqueous and nonaqueous n u c l e i  h ad  
low  c o n ta m in a t io n  by  ly so so m e s ,  p lasm a  membrane, and 
m ic ro so m es , a s  shown by  t h e  low  l e v e l s  o f  a c i d  p h o s p h a ta s e  
and 5 Ih u c l o o t i d a s e  a c t i v i t i e s .  The r a t i o  o f  a c i d  RNase 
t o  a c i d  p h o s p h a ta s e ,  i n  b o th  p r e p a r a t i o n s  was a b o u t  s i x  
t im e s  h i g h e r  t h a n  i n  whole hom ogenate an d , s in c e  t h e s e  
enzymes a re  p re d o m in a n t ly  ly s o s o m a l ,  i t  seemed u n l i k e l y  
t h a t  th e  a c i d  RNase was a c o n ta m in a n t ,  a l th o u g h  i t  c o u ld  
have b e en  o f  c y to p la s m ic  o r i g i n .  Aqueous n u c l e i  c o n ta in e d  
30-50$  o f  t h e  t o t a l  RNase o f  nonaqueous n u c l e i 5 t h i s  t h e y  
a t t r i b u t e d  t o  th e  i n a d v e r t e n t  e l u t i o n  o f  some RNase a c t i v i t y  
d u r in g  th e  aqueous p r e p a r a t i o n .
The optimum pH v a lu e s  f o r  th e  n u c l e a r  RNases were 
s i m i l a r  t o  t h o s e  o f  th e  c y to p la s m ic  enzym es; 7 . 8 - 8 .0  
and 5 * 6 - 6 .0 .  A lk a l in e  RNase i n h i b i t o r  i s  p r e s e n t  i n  th e  
c ru d e  n u c l e a r  f r a c t i o n  (R o th  e t  , a l . . 196H-) b u t  T u rn e r  
(1966) fo u n d  th e  endogenous i n h i b i t i o n  c f  a l k a l i n e  RNase 
was n o t  a s  g r e a t  as t h a t  i n  whole l i v e r  hom ogena te ; 
a l k a l i n e  RNase w as, h o w ever ,  a l s o  r e l e a s e d  b y  pCMB
-  *f3 -
(B o th ,  1 9 5 6 ) .  The n u c l e a r  a c id ,  u n l ik e  t h e  ly so so m a l  
enzyme, showed no l a t e n c y .
S u b seq u en t  t o  th e  c o l l a b o r a t i v e  work o f  th e  R e id  and 
S i e b e r t  g ro u p s  i n  196*+, S i e b e r t  was u n a b le  t o  d e m o n s t r a te  
t h e  p re s e n c e  o f  a c i d  RNase i n  p u r i f i e d  n u c l e i  ( S i e b e r t  -  
R e id  p e r s o n a l  co m m u n ica tio n s , 1968) ,  b u t  w i th  s u i t a b l e  
a s s a y  c o n d i t i o n s  i t  can  in d e e d  be d e m o n s t r a te d  ( u n p u b l i s h e d  
e x p e r im e n ts  D. N e s t ) ,
V i l l a l o b o s ,  S t e e l e  and Busch  (1 9 6 ^ , a, b , and 1965) 
i n v e s t i g a t e d  th e  RNase a c t i v i t y  i n  p u r i f i e d  n u c l e i .
They fo u n d  maximum a c t i v i t y  a t  pH 7 **+3 b u t  t h e  pH a c t i v i t y  
■curve was v e r y  f l a t ,  r a n g in g  from  pH 5«0 t o  8 , 2 .  T h is  
enzyme i s ,  p re s u m a b ly ,  th e  same a s  t h e  s o lu b l e  n u c l e a r  
RNase w i th  a c l e a r  pH optimum n e a r  n e u t r a l i t y  r e p o r t e d  b y  
G i a n n i t s i s ,  IC e s s e l r in g ,  S chw arzhaup t and S i e b e r t  ( 1967) t o  
com prise  more - th a n -80$ o f  th e  t o t a l  n u c l e a r  RNase a c t i v i t y .  
Most o f  t h i s  a c t i v i t y  was l o c a t e d  i n  th e  n u c l e o l i  and 
was r e l e a s e d  by  s o n ic  o s c i l l a t i o n ,  T r i t o n  X-100 o r  pCMB, 
However, i f  t h e  r a t s  have b e en  p r e t r e a t e d  w i th  t h io a c e t a m id e  
o r  a c t in o m y c in  D, a d i f f e r e n t  p a t t e r n  o f  RNase r e l e a s e  b y  
t h e  v a r i o u s  a g e n ts  was fo u n d .  T h is  i n d i c a t e d  t h a t  n u c l e a r  
RNase i s  n o t  a lw ay s bound i n t o  t h e  n u c l e a r  s t r u c t u r e  i n  
t h e  same way ( S i e b e r t  e t  a l . ? 1966 ) ,  f o r ,  i f  m e re ly  t h e  
d e g re e  o f  b i n d in g  was a l t e r e d  b y  p r e t r e a t m e n t  o f  t h e  r a t s ,  
t h e n  one would n o t  e x p e c t  any  r e l a t i v e  d i f f e r e n c e  i n  t h e  
r e s p o n s e  t o  th e  v a r i o u s  s o l u b i l i s i n g  r e a g e n t s .  G i a n n i t s i s  
e t  a l . ( I 9 6 7 ) compared th e  RNase a c t i v i t y  i n  n u c l e i  
p r e p a r e d  i n  h ig h  d e n s i t y  s u c ro s e  (C h a u v e a u , . Moulo and
R o u i l l e r ,  1956) and i n  o r g a n ic  s o l v e n t s  a n d ,  i n  ag reem en t 
w i th  t h e  f i n d i n g s  o f  R e id  e t  a l . (196*+) t h e y  showed t h a t :  
RNase i n  nonaqueou s n u c l e i  was 8 t im e s  more a c t i v e  t h a n  
i n  aqueous p r e p a r a t i o n s . N o n - e x t r a c t a b le  RNase , w hich  
t h e y  s u g g e s te d  was m o s t ly  n u c l e o l a r  RN ase, h a d  th e  same 
l e v e l  i n  b o th  p r e p a r a t i o n s .  The s o lu b le  enzyme m easu red  
a t  pH 7**+ h ad  a v e r y  h ig h  l a t e n c y  and was a c t i v a t e d  7**+ 
t im e s  b y  pCMB. The n o n - e x t r a c t a b l e  RNase was a c t i v a t e d  
3 ,5  t im e s  by  pCMB, b u t ,  i n  a d d i t i o n ,  f u r t h e r  l a t e n c y  was 
r e v e a l e d  b y  T r i t o n  X-100 and b y  s o n i c a t i o n .
As y e t  l i t t l e  a t t e m p t  h a s  b e en  made t o  c h a r a c t e r i s e  
t h e  v a r i o u s  RNases r e p o r t e d  t o  be p r e s e n t  i n  t h e  r a t  l i v e r  
n u c l e a r  f r a c t i o n .  The e f f e c t  o f  RNase i n h i b i t o r  on 
n u c l e a r  RNase would i n d i c a t e  a s i m i l a r i t y  w i th  th e  s u p e r ­
n a t a n t  f r a c t i o n  enzyme, b u t  S i e b e r t ,  e t  a l . ( 1966) c o n c lu d e d  
t h a t  a l k a l i n e  n u c l e a r  and n u c l e o l a r  RNases w ere p r o b a b ly  
two s e p a r a t e  enzymes b o th  w i th  a  pH optimum d i s t i n c t  f ro m  
t h a t  o f  th e  s u p e r n a t a n t  enzym e.
F o l lo w in g  H eppel* s r e p o r t  o f  a 5 fh h a se  i n  hog l i v e r  
n u c l e i  (H eppel e t  a l . .  1 9 5 6 ) ,  de L am iran d e , M ora is  and 
B l a c k s t e i n  ( 1967) s t u d i e d  t h e  c e l l u l a r  d i s t r i b u t i o n  o f  
t h i s  enzyme i n  r a t  l i v e r .  They c o n c lu d e d  t h a t , a l t h o u g h  
t h i s  was p r i m a r i l y  a m i to c h o n d r i a l  enzym e, o f  t h e  
5 rRNase a c t i v i t y  was l o c a t e d  i n  th e  n u c l e a r  f r a c t i o n .  
However, a s  th e  n u c l e a r  f r a c t i o n  h a d  b e en  o b t a i n e d  by  
t h e  c l a s s i c a l  d i f f e r e n t i a l  c e n t r i f u g a t i o n  p r o c e d u r e  o f  
de Duve, e t  a l . ( 1955)3 w i th  no  f u r t h e r  p u r i f i c a t i o n  
p ro c e d u re  an d , s in c e  de L am irande f a i l e d  t o  compare t h e
enzyme d i s t r i b u t i o n  w i th  t h a t  o f  a m i t o c h o n d r i a l  !m a r k e r 1 
enzyme, i t  i s  n o t  p o s s i b l e  t o  a s s e s s  how much o f  t h i s  
n u c l e a r  a c t i v i t y  c o u ld  be a t t r i b u t e d  t o  c o n ta m in a n ts  o f  
th e  n u c l e a r  f r a c t i o n .
In  t h e  ab o v e -m en tio n ed  r e p o r t  by  M a r t in ,  E n g la n d ,  
T u rk in g to n  and L e s l i e  ( 1963 ) ,  on th e  d e p o ly m e r i s a t io n  o f  
RNA, a t  a c i d  and n e u t r a l  pH, b y  enzymes i n  b a s i c  p r o t e i n s  
from  g u in e a  p ig  l i v e r  n u c l e i  and r ib o s o m e s ,  n u c l e a r  h i s t o n e s  
show t h r e e  p e a k s  o f  optimum RNase a c t i v i t y  a t  pH 5 * 3 -5 * 5s 
6 . 3 - 6 , 5  0x16. 7 - 2 ,  A c t i v i t y  was s t i m u l a t e d  by  0.01M EDTA 
or *fM u r e a ,  b u t  was i n h i b i t e d  by  o .lM  Mg**. These 
r e s u l t s  w ere c o n f i rm e d  b y  K u r i ly a k  (1 9 6 6 ) ,  b u t  a r e  n o t  
■ u n iv e rsa l ly  a c c e p te d  by  w o rk e rs  i n  t h e  h i s t o n e  f i e l d .
A lk a l in e  5*PE>ase h a s  b e en  r e p o r t e d  b y  a number o f  
w o rk e rs  t o  be  p a r t l y  l o c a t e d  i n  t h e  n u c l e a r  f r a c t i o n ,  e . g . ,  
R a z z e l l  ( 1961 ) ,  de Lam irande e t  a l . (1 9 6 7 )? B r i g h t w e l l  and  
T ap p e l ( 1 9 6 8 , a ) ,  b u t  t h i s  o b s e r v a t i o n  i s  p r o b a b ly  a r e s u l t  
o f  t h e  d i f f e r e n t i a l  c e n t r i f u g a t i o n  f r a c t i o n a t i o n  p r o c e d ­
u r e s  u s e d ;  th e  enzyme i s  fo u n d  i n  t h e  n u c l e a r  f r a c t i o n  
b u t  i s  p r o b a b ly  n o t  p r e s e n t  i n  th e  n u c l e i .  Work r e p o r t e d  
i n  t h i s  t h e s i s  and t h a t  o f  E r o c in s k a  e t  a l . (19.69) make 
i t  a lm o s t  c e r t a i n  t h a t  t h i s  enzyme i s  p r e d o m in a n t ly  l o c a t e d  
i n  th e  p lasm a  membrane. However, t h e  p o s s i b i l i t y  t h a t  
low er l e v e l s  o f  5 !Phase a c t i v i t y  may bo p r e s e n t  i n  n u c l e i  
c a n n o t  be r u l e d  o u t  on t h i s  a lo n e .  U n f o r t u n a t e l y ,
5 !PBase a c t i v i t y . w a s  n o t  a s s a y e d  i n  p a r a l l e l  w i th  a p la sm a  
membrane m arker enzyme, e . g . ,  5 N u c l e o t i d a s e ,  so  i t  i s  
d i f f i c u l t  t o  a s s e s s  th e  d e g re e  o f  c o n ta m in a t io n  b y  p la sm a
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membrane* I t  i s  s i g n i f i c a n t  t h a t  t h e  S i e b e r t  group  h a s  
fo u n d  no  e v id e n c e  o f  o x o n u c le a s e  a c t i v i t y  i n  h i g h l y  
p u r i f i e d  n u c l e a r  p r e p a r a t i o n  ( p e r s o n a l  com m u n ica tion ,
1968).
A 5 fPDase h a s  b e e n  i s o l a t e d  from  t h e  n u c l e i  o f  v a r i o u s  
mouse t i s s u e s  and tu m o u rs ,  by  S p o rn ,  L a z a r u s ,  Sm ith  and 
H en derson  ( 1969) .  T h is  enzyme i s  o p t im a l l y  a c t i v e  a t  
pH 7.1+, w h e rea s  th e  a l k a l i n e  5 lPRase l o c a t e d  i n  t h e  p lasm a  
membrane o f  l i v e r  c e l l s  h a s  a pH optimum o f  9*8 ( E r e c in s k a  
e t  a l . , 1969) .  HHA w i th  a h ig h  d eg re e  o f  h e l i c a l  s t r u c t u r e  
was r e s i s t a n t  t o  d e g r a d a t i o n  by  pH 7*^  5 TPD ase, w h i le  
r a p i d l y  l a b e l l e d ,  new ly  s y n t h e s i s e d  RNA i n  t h e  n u c le u s  was 
r a p i d l y  d e g ra d e d  t o  m o n o n u c le o t id e s  o n ly .  The enzyme 
was n o t  a p o l y n u c l e o t i d e  p h o s p h o ry la s e  s i n c e ,  u n d e r  t h e  
a p p r o p r i a t e  c o n d i t i o n s ,  t h e r e  was no u p ta k e  o f  p3^ l a b e l l e d  
o r th o p h o s p h a te  ( see  F i g ,  1 . 1 ) .  H i a t t  and L a re a u  ('1963 ) 
a l s o  fo u n d  t h a t  r a p i d l y  la b e l le d 'R N A  i n  n u c l e i  was b ro k e n  
down t o  5 N u c l e o t i d e  s .  No s i m i l a r  p r o c e s s  o c c u r r e d  i n  
t h e  m ic ro som al f r a c t i o n .
The e v id e n c e  f o r  t h e  p r e s e n c e  o f  a f u r t h e r  RNA- 
h y d r o ly s in g  enzyme, p o l y n u c l e o t i d e  p h o s p h o r y la s e ,  i n  
mammalian c e l l  n u c l e i  i s  q u i t e  s c a n t y ,  a l th o u g h  i t  h a s  
b e e n  fo u n d  i n  b a c t e r i a l  n u c l e a r  and r ib o s o m a l  f r a c t i o n s  
(Andoh e t  a l . .  1963) .  T h is  enzyme m u st ,  h o w e v e r ,  be 
c o n s id e r e d  i n  any  d i s c u s s i o n  o f  n u c l e a r  RNases as i t  i s  
m ost u n l i k e l y  t o  have  any s y n t h e t i c  r o l e  (G runberg-M anago , 
1963) .  Hilmoo and H eppel (1957) d e m o n s t r a te d  t h e  breakdow n 
o f  p o ly  A t o  5 N u c l e o t i d e s ,  i n  t h e  p r e s e n c e  o f  i n o r g a n i c
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p h o sp h a te  v i a  th e  n u c l e o s i d e - 5 f- d ip h o s p h a te *  h y  g u in e a  p ig  
n u c l e i  o f  u n s p e c i f i e d  p u r i t y .  A c t i v i t y  was v e r y  low , b u t  
r e c e n t l y  P i t t  and See (19 7°)  have  r e p o r t e d  t h e  p a r t i a l  
p u r i f i c a t i o n  o f  g u in e a  p ig  l i v e r  p o l y n u c l e o t i d e  
p h o s p h o r y la s e .  The enzyme, t h e y  r e p o r t e d ,  was p r o b a b ly  
n u c l e a r ,  b u t  t h e  e v id e n c e  was in c o n c lu s iv e  and t h e  e x a c t  
c e l l u l a r  l o c a t i o n  h a s  n o t  y e t  b e en  d e te r m in e d .  A r e a c t i o n  
s i m i l a r  t o  t h a t  c a t a l y s e d  b y  p o l y n u c l e o t i d e  p h o s p h o ry la s e  
h a s  b e en  r e p o r t e d  i n  p u r i f i e d  r a t  l i v e r  n u c l e i  b y  S i e b e r t  
e t  a l . ( 1 966) and i n  r a t  l i v e r  and b r a i n  b y  M urthy e t  a l .
(1 9 6 9).
The enzyme r e s p o n s i b l e  f o r  th e  breakdow n o f  r a p i d l y  
l a b e l l e d  RNA i n  HeLa c e l l  n u c l e i  d e g ra d e s  RNA t o  n u c l e o s i d e  
5 1d ip h o s p h a te s  and a p p e a rs  t o  be a p o l y n u c l e o t i d e  
p h o s p h o r y la s e .  S t r e p to m y c in ,  sperm ine  and sp e rm id in e  
h ad  110 e f f e c t  on th e  breakdow n of RNA i n  i s o l a t e d  n u c l e i ,  
b u t  a c r i d i n e  o ra n g e ,  w hich  i n h i b i t s  b a c t e r i a l  p o l y n u c l e o t i d e  
p h o s p h o r y l a s e , c o m p le te ly  i n h i b i t e d  n u c l e a r  RNA breakdow n 
( H a r r i s ,  1963)# I t  i s  n o t  p o s s i b l e ,  f rom  t h i s  e v id e n c e ,  
t o  co n c lu d e  t h a t  t h e  HeLa c o l l  n u c l e a r  enzyme i s  i n  f a c t  
a p o l y n u c l e o t i d e  p h o s p h o ry la s e  w i th o u t  f u r t h e r  p u r i f i c a t i o n  
and c h a r a c t e r i s a t i o n ,  b u t  H a r r i s  (1963) Has s u g g e s te d  t h a t  
p o l y n u c l e o t i d e  p h o s p h o ry la s e  c o u ld  be r e s p o n s i b l e  f o r  t h e  
b reakdow n o f  r a p i d l y  l a b e l l e d  RNA i n  t h e  n u c l e i  o f  HeLa 
c e l l s  and o t h e r  mammalian c e l l s .
3 (VI) P lasm a membrane f r a c t i o n
On h o m o g e n is a t io n ,  t h e  p lasm a  membrane o f  l i v e r  c e l l s  
i s  d i s r u p t e d  t o  f r a g m e n ts  w i th  a w ide ra n g e  o f  s i z e s  a n d ,
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a f t e r  c e l l  f r a c t i o n a t i o n  b y  d i f f e r e n t i a l  c e n t r i f u g a t i o n ,  
p la sm a  membrane f r a g m e n ts  a re  fo u n d  i n  a l l  th e  p a r t i c u l a t e  
f r a c t i o n s ,  a l th o u g h  t h e r e  Is some c o n c e n t r a t i o n  i n t o  t h e  
n u c l e a r  and m ic ro som al f r a c t i o n .  Thus th e  r e p o r t s  o f  
a l k a l i n e  PDase i n  th e  c ru d e  n u c l e a r  f r a c t i o n  (de L am iran d e , 
e t  a l . .  1967? and B r i g h t w e l l  and T a p p e l ,  1968 , a )  and 
m ic ro so m al f r a c t i o n  ( on . c i t . and R a z z e l l ,  1961) a re  n o t ,  
i n  f a c t ,  c o n t r a d i c t o r y  t o  t h e  h i s t o c h e m i c a l  e v id e n c e  t h a t  
t h e  enzyme i s  m ost a c t i v e  on t h e  b o r d e r s  of th e  b i l e  
c a n a l i c u l i ,  p re su m a b ly  b e in g  p a r t  o f  th e  p lasm a  membrane 
(S ie ra k o w s k a ,  S zem p lin sk a  and Shugar ( 1963) ( u s in g  
X - n a p h th y l t h y m i d i n e - 5 1-p h o s p h a te  a s  s u b s t r a t e ) ) .  
H i s to c h e m ic a l  e v id e n c e  a l s o  s u g g e s t s  t h a t  t h e  enzyme i s  
t o t a l l y  a b s e n t  from  n u c l e i  (Wolf e t  a l . ? 1968 ) .  The 
work o f  Emmelot e t  a l . (196h) c o n f i rm e d  b i o c h e m i c a l l y  t h e  
p re s e n c e  o f  a l k a l i n e  PDase i n  th e  p lasm a membrane f r a c t i o n .  
More r e c e n t l y ,  o t h e r  a u th o r s  have e x te n d e d  t h i s  work b u t ,  
f o r  c o n v e n ie n c e ,  t h e s e  p a p e r s  w i l l  be  d i s c u s s e d  l a t e r ,  
t o g e t h e r  w i th  th e  a u t h o r l s own r e s u l t s .
The l i t e r a t u r e  c o n c e rn in g  t h e  p r e s e n c e  o f  RNase i n  
p la sm a  membrane i s  i n c o n c l u s i v e ,  e s p e c i a l l y  when t h e  low  
p u r i t y  o f  some p lasm a membrane p r e p a r a t i o n s  i s  c o n s i d e r e d .
A l a t e n t  R N a s e , d i s t i n c t  from  t h a t  i n  t h e  m ic ro so m al 
m embranes, was fo u n d  i n  t h e  p lasm a membrane o f  E . c o l i  
by  Neu and H eppel ( 196**, b ) , and Emmelot e t  a l . ( 196V) 
r e p o r t e d  RNase a c t i v i t y  a t  t h r e e  d i f f e r e n t  pH v a l u e s  i n  
r a t  l i v e r  p lasm a  membrane. The a l k a l i n e  and n e u t r a l  
a c t i v i t i e s  were a b o u t  5 t im e s  g r e a t e r  t h a n  t h e  a c i d  p e a k .
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A lk a l in e  RNase ■ a c t iv i ty  was I n c r e a s e d  b y  DOC, brut th e  o t h e r  
a c t i v i t i e s  f e l l |  o n ly  a c i d  RNase a c t i v i t y  was r e l e a s e d  b y  
s a l i n e  t r e a t m e n t .  I t  i s  d i f f i c u l t  t o  a s s e s s  th e  p u r i t y :  
o f  Em m elot1s p lasm a membrane p r e p a r a t i o n s  s in c e  t h e r e  i s  
a l a c k  o f  whole hom ogenate d a t a .  L an s in g  e t  a l . (196?) 
co n c lu d ed  t h a t ,  a l th o u g h  t h e r e  m igh t o n ly  be one RNase 
p r e s e n t ,  t h e  a c t i v i t y  o f  w hich  a t  a g iv e n  pH i s  g o v e rn e d  
by  s t r u c t u r a l  c o n d i t i o n s  o f  e i t h e r  b e in g  membrane-bound 
o r  f r e e ,  t h e i r  r e s u l t s  i n d i c a t e  t h a t  t h e  p lasm a  membrane 
c o n ta in e d  a t  l e a s t  one RNase.
3 (V II )  RNase i n h i b i t o r
The p r e s e n c e  o f  an RNase i n h i b i t o r  i n  th e  h ig h  sp eed  
s u p e r n a t a n t  f r a c t i o n  was f i r s t  d e m o n s t r a te d  i n  g u in e a  p ig  
l i v e r  by  P i r o t t e  and D esreux  (1 9 5 2 ) .  S u b s e q u e n t ly ,  a 
s i m i l a r  a l k a l i n e  RNase i n h i b i t o r  was shown t o  be p r e s e n t  
i n  r a t  l i v e r  and h a s  b e en  p a r t i a l l y  p u r i f i e d  from  t h i s  
t i s s u e  and e x t e n s i v e l y  s t u d i e d  b y  R o th  (1 956 , 1958 and 
1962) and b y  Shortm an (1961 and 1962., a, b ) , C h icken  and 
f r o g  l i v e r s ,  how ever ,  seem t o  l a c k  any endogenous RNase 
i n h i b i t o r  (R o th ,  1 9 6 2 ) .  I n  t h e  c a se  o f  r a t  l i v e r ,  th e  
i n h i b i t o r  i s  fo u n d  p r e d o m in a n t ly  i n  t h e  s u p e r n a t a n t  
f r a c t i o n  (R o th ,  1956) and i s  p r e s e n t  i n  l a r g e  e x c e s s .  
S h o r tm a n l s r e s u l t s  (1962 , a, b )  i n d i c a t e d  t h a t  t h e  i n h i b i t o r  
from  r a t  l i v e r  i s  a g l y c o p r o t e i n ,  t h e  c a r b o h y d r a te  m o ie ty  
b e in g  an e s s e n t i a l  com ponent. The RNase i n h i b i t o r  
p r e p a r e d  by  T ak a h ash i  e t  a l .  ( 1967) from  p ig  c e r e b r a l  
c o r t e x  was e s t im a t e d  t o  be 85$ p r o t e i n .
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The i n h i b i t o r  i s  s e n s i t i v e  t o  h e a t  and a c id  and i s  
d e p en d e n t  on th e  i n t e g r i t y  o f  one: o r  more o f  th e  p r o t e i n ’ s 
-SH g ro u p s .  T hus, h e a v y  m e ta l  i o n s ,  e .  g . ,  Hg++j Pb++,
Zn++, Cu++ , b u t  n o t  Mg++ , r e a d i l y  i n a c t i v a t e -  t h e  i n h i b i t o r .  
I t  i s ,  t h e r e f o r e ,  im p o r ta n t  t o  remove m e ta l  io n s  from  
com m erc ia l  s u b s t r a t e  RNA by  d i a l y s i s  a g a i n s t  EDTA, b e f o r e  
a s s a y in g  RNase o r  RNase I n h i b i t o r  (S h o rtm an , 1962 , a ,
W acker, 1962 , Wojnar and R o th ,  196b ) .  S u l f h y d r y l  r e a g e n t s ,  
such  a s  p . c h lo r o m e r c u r ib e n z o a te  (pCMB), a ] s o  i n a c t i v a t e  
t h e  i n h i b i t o r .  T h is  i n a c t i v a t i o n  i s  p e rm a n e n t ,  w h e rea s  
t h a t  o f  t h e  h e a v y  m e ta l  I o n s  i s  o f t e n  r e v e r s i b l e .  H e a t  
t r e a tm e n t  a t  an a c id  pH o r t r e a t m e n t  w i th  s u l f h y d r y l  
r e a g e n t s  i s  th e  recommended p ro c e d u re  when t o t a l  d e s t r u c t i o n  
o f  th e  i n h i b i t o r  i s  r e q u i r e d  a s ,  fo r .  e x a m p le , i n  t h e  
a s s a y  o f  t o t a l '  o r  ’l a t e n t ’ RNase.
A lk a l in e  RNase i n h i b i t o r  p ro b a b ly  h a s  no  s i g n i f i c a n t  
e f f e c t  on a c i d  RNase (R o th ,  1967) and d oes  n o t  combine 
w i th  pH 9 .5  a l k a l i n e  RNase (Rahman, 1 9 6 b ) .  I n h i b i t o r  
from  d i f f e r e n t  mammalian s p e c ie s  c r o s s - r e a c t s  t o  a v a r y in g  
d e g re e  w i th  o t h e r  mammalian a l k a l i n e  R N ases, e . g . ,  b o v in e  
p a n c r e a t i c  RNa.se and r a t  l i v e r  i n h i b i t o r  (R o th ,  1 9 6 2 ) .  
I n h i b i t o r  p r e p a r a t i o n s  from  B., s u b t i l i s ,  ho w ev er ,  h ad  no 
e f f e c t  on p a n c r e a t i c  RNase (Sm eaton and E l l i o t t ,  1967 ) .
C o l t e r  e t  a l . (1961) s tu d y in g  mouse a s c i t e s  tum our 
c e l l s ,  showed two p e a k s  o f  a c t i v i t y  a t  pH 5*0 and 8*8 i n  
th e  whole ho m o g en a te ,  b u t  i n  th e  p r e s e n c e  o f  pCMB t h e  two 
op tim a  d i s a p p e a r e d  t o  g iv e  a single p e ak  a t  pH 7 * 8 , w i t h  a 
t e n - f o l d  i n c r e a s e  i n  a c t i v i t y .  S in c e  t h e y  w ere u s in g
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whole hom o gena te ,  r a t h e r  t h a n  s o lu b le  f r a c t i o n ,  i t  i s  n o t  
p o s s i b l e  t o  a s s e s s  th e  c o n t r i b u t i o n  t o  t h e  t o t a l  a c t i v i t y  
b y  c e l l u l a r  RNases o th e r  t h a n  s o lu b le  f r a c t i o n  a l k a l i n e  
RNase and t o  i n t e r p r e t  t h e s e  r e s u l t s c  The. e x i s t e n c e  o f  
an i n h i b i t o r  makes i t  im p e r a t iv e  t h a t  th e  a s s a y  c o n d i t i o n s  
a r e  c l o s e l y  d e f i n e d .  In  t h e  l i t e r a t u r e  many w o rk e rs  hav e  
q u o te d  v a lu e s  f o r  RNase a c t i v i t y  e i t h e r  a s  s p e c i f i c  
a c t i v i t y  o r  p r o p o r t i o n s  o f  t o t a l  c e l l u l a r  a c t i v i t y  w i t h o u t  
s a y in g  w h e th e r  t h e s e  f i g u r e s  in c lu d e  th e  l a t e n t  a l k a l i n e  
RNase a c t i v i t y ,  and i n  many c a s e s  t h e i r  p u b l i s h e d  a s s a y  
p r o c e d u re s  g iv e  no f u r t h e r  i n d i c a t i o n .  I n  a d d i t i o n ,  th e  
c o n d i t i o n s  u n d e r  w h ich  f r a c t i o n s  a re  s t o r e d  b e f o r e  a s s a y in g  
have  a s i g n i f i c a n t  e f f e c t  on th e  a c t i v i t y  o f  th e  i n h i b i t o r .  
For i n s t a n c e ,  s t o r i n g  s o lu b le  f r a c t i o n  o v e r n ig h t  a t  
r e s u l t s  i n  a 50 fo l o s s  o f  i n h i b i t o r  a c t i v i t y ,  a l th o u g h  i t  
may be s t o r e d  a t  - 15°  f o r  c o n s i d e r a b l y  l o n g e r ,  w i t h o u t  any 
a p p a r e n t  l o s s ;  h ig h  c o n c e n t r a t i o n s  o f  p h o s p h a te  b u f f e r  
c o m p le te ly  i n a c t i v a t e ,  w h e rea s  g ly c in e  b u f f e r  s t a b i l i s e s  
th e  i n h i b i t o r  (S i r a k o v  and ICochakian, 1969) .
The a d d i t i o n  o f  pa.16. a l l y  p u r i f i e d  RNase i n h i b i t o r  
t o  polysom e p r e p a r a t i o n s  was shown t o  i n h i b i t  t h e  b r e a k ­
down o f  mRNA ( B lo b e l  and P o t t e r ,  1966) and h a s  s in c e  b e e n  
u s e d  by  many w o rk e rs  t o  s t a b i l i s e  polysom e p r e p a r a t i o n s ,  
e . g . ,  N orthup  e t  a l . ( 1967 ) ,  Law ford e t .T. a l . ( 1967)5 
Grau and F a v e lu k e s  (1 9 6 8 ) .
There  a r e  many o th e r  s u b s ta n c e s  i n  t h e  c e l l  w h ich  
a r e  c a p a b le  o f  i n h i b i t i n g  RNase a c t i v i t y  ( G r i f f a t o n ,
1 9 6 8 ) .  H e p a r in  and h e p a r i n  co m p lex es , w hich  a r e
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p a r t i c u l a r l y  h ig h  i n  l i v e r  have  h e en  showm t o  i n h i b i t  
b o th  a c id  and a l k a l i n e  RNase ( S h o r tm an , 1962 , a) and 
c e r t a i n  m e ta l  i o n s  have  i n h i b i t i n g  and s t i m u l a t i n g  
e f f e c t  on some n u c l e o l y t i c  enzymes ( s e e  Table- 1 *2 ) ,
However, i n h i b i t i o n  o f  RNases by  t h e s e  s u b s ta n c e s  i s  
p r o b a b ly  i n c i d e n t a l  and n o t  h i g h l y  s i g n i f i c a n t  i n  v i v o .
The s p e c i f i c  endogenous RNase i n h i b i t o r  i s ,  t h e r e f o r e ,  
t h e  o n ly  known m eans, o t h e r  t h a n  changes i n  th e  r a t e  o f  
s y n t h e s i s  o r  d e g r a d a t i o n ,  b y  w hich  th e  c e i l  can  c o n t r o l  
t h e  a c t i v i t y  o f  RNase.
3 (V III) S u p e r n a ta n t  f r a c t io n
As h a s  b e e n  p r e v i o u s l y  m e n t io n e d ,  a c o n s i d e r a b le  
p r o p o r t i o n  o f  th e  t o t a l  a l k a l i n e  RNase a c t i v i t y  o f  r a t  
l i v e f  i s  fo u n d  i n  t h e  s u p e r n a t a n t  f r a c t i o n  as  an i n a c t i v e  
complex w i th  RNase i n h i b i t o r  (S ho rtm an , 1961 , R o th ,  1 962 ) .
The a c t i v i t y  may be r e l e a s e d  b y  h e a t  t r e a t m e n t  o r  b y  
d i l u t e  a c i d s  o r  s u l f h y d r y l  r e a g e n t s .  The p r o p e r t i e s  o f  
t h e  enzyme so r e l e a s e d  have  b e e n  r e p o r t e d  b y  some w o r k e r s ,  
e . g . ,  B eard  and R a z z e l l  (196*+), t o  be i d e n t i c a l  w i th  t h e  
m i to c h o n d r i a l  f r a c t i o n  enzyme, a l th o u g h  t h i s  i s  s t i l l  
n o t  c o n f i rm e d  ( s e e  3 ( I I )  ’M i to c h o n d r ia l  f r a c t i o n ’ ) .
In  a d d i t i o n  t o  th e  a l k a l i n e  RNase i n  t h e  s u p e r n a t a n t  
f r a c t i o n ,  t h e r e  i s  e v id e n c e  f o r  a secon d  enzyme m ost 
a c t i v e  a t  an a c id  pH. R e id  and Nodes (1963) showed t h a t  
a s  much as o n e - f i f t h  o f  t h e  c y to p la s m ic  a c i d  RNase 
a c t i v i t y  o f  t h e  r a t  l i v e r  was fo u n d  i n  th e  s u p e r n a t a n t  
f r a c t i o n .  T h is  l e v e l  o f  a c t i v i t y  was m a rk e d ly  i n c r e a s e d  
i n  h epa tom a , I n  p r e c a n c e r o u s  l i v e r  from  r a t s  f e d  on a z o - d y e ,
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and i n  l i v e r s  from  a d re n a le c to m iz e d  r a t s .  They c o n c lu d e d  
t h a t  a c id  RNase was in d e e d  p r e s e n t  i n  c e l l  sap i n  v i v o , 
and th e  o b se rv e d  a c t i v i t y  i n  t h e  s u p e r n a t a n t  c o u ld  n o t  
e n t i r e l y  be a t t r i b u t e d  t o  enzyme p r o g r e s s i v e l y  r e l e a s e d  
from  ly so so m es  d u r in g  h o m o g e n is a t io n .  F u t a i ,  M iya ta  
and Mizuno ( 1969 ) have  s in c e  shown a d i s t i n c t  a c i d  RNase 
t o  be p r e s e n t  i n  th e  r a t  l i v e r  s u p e r n a t a n t  f r a c t i o n .
They were u n a b le  to  o b t a i n  t h i s  enzyme f r e e  o f  a l k a l i n e  
a c t i v i t y ,  so i t s  s p e c i f i c i t y  h a s  n o t  b e en  d e te r m in e d .
The enzyme d i d ,  how ever ,  d i f f e r  from  th e  ly so so m a l  
enzyme i n  i t s  m o le c u la r  w e ig h t  and i n  th e  e f f e c t  o f  
v a r i o u s  compounds on i t s  a c t i v i t y .  I t  was o n ly  s l i g h t l y  
i n h i b i t e d  b y  Cu++ and Hg’r+ , a s  compared w i th  t h e  ly s o s o m a l  
enzyme, and Zn'H’ had  an a c t i v a t i n g  e f f e c t .  T h is  was th e  
o n ly  a c id  RNase p r e s e n t  i n  t h e  s u p e r n a t a n t  o f  n o rm a l  r a t  
l i v e r .
R o th  ( 1967) h a s  s u g g e s te d  t h a t  t h e  s u p e r n a t a n t  a l k a l i n e  
RNase i s  r e l e a s e d  from  p a r t i c l e s  d u r in g  g ro w th  and a g in g ,  
b u t  he d id  n o t  i n v e s t i g a t e  t h e  l e v e l s  o f  s u p e r n a t a n t  
a l k a l i n e  RNase and RNase i n h i b i t o r  w i th  a g e .  Arora. and 
de Lam irande ( 1968) d e m o n s t r a te d  t h a t  t h e  RNase a c t i v i t y  
i n  h e p a t i c  r ib o so m e s  i n  grow ing  r a t s  i n c r e a s e d  w i th  a g e .  
T h ere  i s ,  i n  f a c t ,  some e v id e n c e  t h a t  r ib o s o m a l  RNase 
a r i s e s  by  a b s o r p t io n  from  th e  c y t o s o l  ( s e e  e l s e w h e r e ) ,  
so one m igh t e x p e c t  a c o r r e l a t i o n  b e tw een  th e  l e v e l s  o f  
r ib o s o m a l  and c e l l  sap  a l k a l i n e  RNase. K r a f t  and 
Shortm an (1 9 7 0 3 a ,b )  m easured  t h e  r a t i o  o f  hom ogenate  
a l k a l i n e  RNase i n h i b i t o r  t o  a l k a l i n e  RNase i n  v a r i o u s
mammalian t i s s u e s  w i th  a g e ,  i n  o r d e r  t o  t e s t  t h e  p o s s i b i l i t y  
o f  a c o r r e l a t i o n  b e tw een  th e  i n h ib i t o r / e n z y m e  r a t i o  and th e  
m e ta b o l ic  s t a t e  o f  th e  t i s s u e .  I n h i b i t o r  l e v e l s  were 
d e c r e a s e d  w i th  age i n  r a t  l i v e r  ( a b o u t  5Qf0 b e tw een  9 and 
52 w e e k s ) ,  thymus and lymph n o d e s .  T o t a l  a l k a l i n e  
RNase l e v e l s  were v a r i a b l e  b u t  i n  a l l  c a s e s  t h e r e  r e s u l t e d  
an i n c r e a s e d  i n h ib i t o r / e n z y m e  r a t i o  w i th  age ( 1 9 7 0 ? a ) .
A s i m i l a r  c o r r e l a t i o n  b e tw een  i n h ib i t o r / e n z y m e  r a t i o  and 
age was a l s o  o b se rv e d  i n  i n d i v i d u a l  c e l l  t y p e s ,  f o r  
exam ple , i n  ly m p h o c y te s , as opposed  t o  whole t i s s u e  
hom ogenates  (1970? b) • These r e s u l t s  were compared w i th  
th e  r a t i o s  o b se rv e d  w i th  age i n  t h e  lym phoid  t i s s u e  o f  
no rm al mice and o f  a s t r a i n  o f  mice d e v e lo p in g  sp o n ta n e o u s  
le u k a e m ia .  The d i s e a s e  was o n ly  a p p a r e n t  i n  o ld e r  
a n im a ls  and was c h a r a c t e r i s e d  b y  a r a p i d l y  g row ing  thymus 
h a v in g  a v e r y  h ig h  p r o p o r t i o n  o f  a c t i v e l y  d i v i d i n g  c e l l s .  
There  was an i n c r e a s e  i n  t h e  l e v e l  o f  i n h i b i t o r  p r e s e n t  
i n  th e  leu k a e m ic  t i s s u e  and a d e c r e a s e  w i th  age i n  t h e  
no rm al t i s s u e ,  t o g e t h e r  w i th  a s l i g h t  d e c r e a s e  o f  a l k a l i n e  
RNase i n  th e  leu k a em ic  t i s s u e  and an i n c r e a s e  w i th  age i n  
t h e  n o rm al t i s s u e .  Those r e s u l t s  i n d i c a t e  t h a t  a low 
in h ib i t o r / e n z y m e  r a t i o  i s  a s s o c i a t e d  w i th  a change to w a rd s  
a c a t a b o l i c  a c t i v i t y ,  f o r  exam ple , w i th  a g e ,  and a h ig h  
r a t i o  i s  a s s o c i a t e d  w i th  i n c r e a s e d  a n a b o l is m .  O ther 
d a t a  a l s o  f o l lo w s  t h i s  c o r r e l a t i o n ,  f o r  exam ple , th e  
i n c r e a s e d  l e v e l  o f  i n h i b i t o r  i n  r e g e n e r a t i n g  r a t  l i v e r  
(S h o rtm an , 1 9 6 2 ) ,  t h e  d e c r e a s e  i n  r a t  l i v e r  i n h i b i t o r  
l e v e l s  d u r in g  s t a r v a t i o n  ( G i r i j a  and S r e e n iv a s a n ,  1 966 ) .
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In  a d d i t i o n  a p o s i t i v e  c o r r e l a t i o n  "between a l k a l i n e  RNase 
and age h a s  b e e n  o b se rv e d  i n  serum  by  Sved e t  a l . ( 1 9 6 7 ) .
K r a f t  and Shortm an (1970s b) c o n c lu d ed  t h a t  s u p e r n a t a n t
\
i n h i b i t o r  may w e l l  have  a r o l e  i n  c o n t r o l l i n g  th e  l e v e l  
o f  c y to p la s m ic  RNA i n  g e n e r a l  and niRNA s t a b i l i t y  i n  
p a r t i c u l a r .
A lthough  E l -A a s e r  ( 196?) fo u n d  no s i g n i f i c a n t  i n c r e a s e  
i n  t h e  s u p e r n a t a n t  a c id  RNase w i th  age i n  r a t  l i v e r ,  Goto 
e t  a l . ( 1969 ) have  r e p o r t e d  i n c r e a s e s  i n  th e  p r o p o r t i o n  
o f  a c id  RNase i n  th e  l i v e r  s u p e r n a t a n t s  o f  m ic e ,  g u in e a  
p i g s  and h a m s te r s  w i th  a g e ,  i d i i l s t  t h e  change i n  t h e  t o t a l  
a c t i v i t y  i s  s m a l l .  In  e a c h  s p e c i e s  t h e  r a t i o  o f  a c id  
RNase a c t i v i t y  i n  t h e  s u p e r n a t a n t  and p a r t i c u l a t e  
f r a c t i o n  i n c r e a s e d  2 -3  t im e s  be tw een  th e  ag es  o f  1 and 20 
m onths . They s u g g e s te d  two p o s s i b l e  e x p la n a t io n s ?
"Birring th e  p r o c e s s  o f  a g in g  th e  membranes o f  th e  
ly soso m es  change i n  some way, so t h a t  t h e  enzymes 
w i t h i n  th e  p a r t i c l e s  t e n d  t o  be r e l e a s e d  i n t o  t h e  
c y to p la s m . Owing t o  d e c r e a s e d  s t a b i l i t y  t o  
m e c h a n ic a l  shock th e  membrane m igh t be  p a r t i a l l y  
d e s t r o y e d  d u r in g  th e  h o m o g e n is a t io n  p r o c e d u r e  
and a p a r t  o f  th e  enzyme m igh t be r e l e a s e d .
The p o s s i b i l i t y  t h a t  i n  o l d e r  a n im a ls  l i g h t e r  
lysosom e p a r t i c l e s ,  w hich  a re  n o t  p r e c i p i t a t e d  
b y  th e  same c e n t r i f u g a l  f o r c e ,  my a p p e a r  i n  th e  
c e l l  i s  n o t  r u l e d  o u t . "
U n f o r t u n a t e ly ,  th e  l e v e l s  o f  o t h e r  ly s o s o m a l  enzymes 
i n  t h e  s o l u b l e  f r a c t i o n  w ere n o t  m easu red , so i t  i s
im p o s s ib le  t o  draw any f i r m  c o n c l u s i o n s  from  t h e i r  
o b s e r v a t i o n s .  I t  i s  a l s o  p o s s i b l e  t h a t  th e  ly so so m a l  
and s u p e r n a t a n t  a c id  RNase a c t i v i t i e s  i n  t h e s e  l i v e r s  may 
r e p r e s e n t  more t h a n  one enzyme, a s  h a s  b e en  d e m o n s tr a te d  
b y  F u t a i  e t  a l . ( 1969) i n  r a t  l i v e r .
R a z z e l l  (1961) d e s c r i b e d  a c id  PDase (PDase I I*  pH 6 .0 )  
a s  b e in g  l o c a t e d  60% i n  t h e  s u p e r n a t a n t  f r a c t i o n ,  b u t  i t  
i s  now c e r t a i n  t h a t  t h i s  enzyme ( a c i d  3*PDaso) i s  p r e ­
d o m in a n t ly  ly s o s o m a l ,  and R a z z e l l ^  f r a c t i o n a t i o n  
p ro c e d u re  c a u se d  much enzyme le a k a g e  from  th e  ly so so m es  
(Van Dyck and W a t t ia u x ,  1968) .  However, B r i g h t w e l l  and 
T ap p e l  (1 9 6 8 , a) have  d e m o n s t ra te d  a PDase h y d r o ly s in g  
b i s ( p ~ n i t r o p h e n y l ) p h o s p h a t o  a t  pH 6 .6  i n  th e  s u p e r n a t a n t  
f r a c t i o n .  The enzyme a c t i v i t y  i s  c o m p a r a t iv e ly  lo w , b u t  
th e  enzyme r e p o n s i b l e  a p p e a rs  t o  be d i s t j n c t  f rom  th e  
ly s o s o m a l  enzyme. A n o th e r ,  p o s s i b l y  i d e n t i c a l  enzyme 
h a s  b e e n  d e s c r i b e d  by  H u n te r  and ICorner ( 1968) .  T h is  
i s  an exo 3 !RNase w hich  p r e f e r e n t i a l l y  a t t a c k s  low  m o le c u la r  
w e ig h t  RNA w i th  l i t t l e  s e c o n d a ry  s t r u c t u r e .  No c y c l i c  
i n t e r m e d i a t e s  wore o b se rv e d  and th e  a c t i v i t y  w i th  pH 
showed a f l a t  cu rve  from  pH h t o  8 .
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3 (IX) Pdbonu c lo a s e  a c t i v i t y  i n  can cor
In  c o n s id e r in g  RNaso i n  r e l a t i o n  t o  c a n c e r ,  th e  
f i r s t  q u e s t i o n  a r i s i n g  i s  w h e th e r  RNase i s  i n  f a c t  
p r e s e n t  i n  tumour c o l l s .  H is to c h e m ic a l  s t u d i e s  on a 
number o f  d i f f e r e n t  tum ours l e d  D aoust and Amano (1963) 
t o  co nc lude  t h a t  tumour c e l l s  d id  n o t  e x p r e s s  RNaso 
a c t i v i t y ,  and t h a t  o th e r  r e p o r t s  o f  tumour c e l l  RNase 
r e s u l t e d  from  th e  RNase a c t i v i t y  i n  th e  n e c r o t i c  o r 
c o n n e c t iv e  t i s s u e  u s u a l l y  a s s o c i a t e d  w i th  c a n c o r  t i s s u e  
(se e  a l s o  G ordon, 1965 , b ) .  However, t h e i r  h i s t o c h e m i c a l  
t e c h n iq u e s  m ust bo q u e s t io n e d ,  s in c e  p u re  p r e p a r a t i o n s  
o f  a s c i t e s  tumour c e l l s  have  b e en  shown t o  c o n t a i n  RNase 
a c t i v i t y  (Am bollan and H o l l a n d e r ,  1966, a ;  B a rk e r  and 
P a v l i k ,  1967; and H o rv a t  and T o u s to r ,  1 9 6 7 ) .  The 
e x te n s i v e  b io c h e m ic a l  s t u d i e s  on tumour and p r o c a n c e ro u s  
t i s s u e  a l s o  i n d i c a t e  th e  w id e sp re a d  p r e s e n c e  o f  RNaso, 
a l th o u g h  th e  l e v e l s  o f  a c t i v i t y  and th e  i n t r a c e l l u l a r  
d i s t r i b u t i o n  o f  RN ases, and th e  l e v e l s  o f  RNase i n h i b i t o r ,  
i f  p r e s e n t ,  may d i f f e r ,  o f t e n  c o n s i d e r a b l y , ' f rom  th o s e  i n  
th e  t i s s u e  o f  o r i g i n .
RNase a c t i v i t y  i n  r e l a t i o n  t o  c a n c e r  h a s  boon 
re v ie w e d  by  R e id  ( 196 2 ) and by  R oth  ( 1 9 6 3 ) .  R e id  
c o n c lu d ed  t h a t  th e  o b s e r v a t i o n s  wore p ie c e m e a l  and v e r y  
v a r i e d  and i t  was d i f f i c u l t  t o  make any f i r m  c o n c l u s i o n s .  
The o n ly  o b v io u s ly  s i g n i f i c a n t  change r e p o r t e d  was th e  
i n c r e a s e d  l e v e l  o f  a c id  RNase a c t i v i t y  g e n e r a l l y  fo u n d  
i n  th e  l i v e r  s u p e r n a t a n t  f r a c t i o n s  o f  r a t s  f e d  on 
c a r c in o g e n ic  a z o -d y e .  Nodes and R e id  (196*+) q u e r i e d  
w h e th e r  c y t o s o l  a c i d  RNase was h ig h  i n  v iv o  a l s o .
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The i n c r e a s e d  c y t o s o l  a c i d  RNase i n  p r e c a n c e ro u s  l i v e r  
c o u ld  bo a c i d  RNase w hich  was r e l e a s e d  from  lysosom os 
d u r in g  i s o l a t i o n  o r  do novo s y n t h e s i s  o f  enzyme i n  th e  
s u p e r n a t a n t  f r a c t i o n .  The l i t e r a t u r e  c o n c e rn in g  l y s o -  
somes i n  c a n c e ro u s  t i s s u e  i s  somewhat c o n fu s in g ,
H o rv a t  and T o u s te r  ( 1967) have  d e m o n s t ra te d  th e  
i n c r e a s e d  s t a b i l i t y  and d e n s i t y  o f  tum our ly so so m o s .
T h is ,  i n  c o n ju n c t i o n  w i th  t h e  work o f  o t h e r  i n v e s t i g a t o r s ,  
h a s  l e d  them  t o  s u g g e s t  t h a t  i n t a c t  and s t a b l e  ly soso m os 
a re  a p r e r e q u i s i t e  o f  tum our p r o l i f e r a t i o n  (Chu and Malragren, 
1965, L a s n i t z k i ,  1965)* T h is  h y p o t h e s i s ,  h o w ev er ,  i s  
n o t  u n i v e r s a l l y  h e l d .  A l l i s o n  ( 1968) ,  f o r  i n s t a n c e ,  h a s  
shown t h a t  s e l e c t i v e  damage t o  ly sosom os i s  a s s o c i a t e d  
w i th  i n c r e a s e d  m a l ig n a n t  p o t e n t i a l  i n  c u l t u r e d  c e l l s .
The i n c r e a s e  i n  s u p e r n a t a n t  a c i d  RNase, i n  p r e c a n c e r o u s  
l i v e r ,  r e s u l t i n g  from  azo -d y e  f e e d i n g ,  and i n  tu m o u r ,  was 
n o t  accom panied  by  an i n c r e a s e  i n  a c i d  p h o s p h a ta s e ,  a s  
would have  b e e n  e x p e c te d  i f  t h e  i n c r e a s e  had  b e e n  a 
r e s u l t  o f  l e a k a g e  from  th e  ly so so m o s ,  and th e  r e s u l t s  
o b ta in e d  b y  R e id  and Nodes ( 1963) ,  u s in g  d i f f e r e n t  
h o m o g e n is a t io n  c o n d i t i o n s ,  i n d i c a t e  t h a t  a c i d  RNase i s  
p r e s e n t  i n  t h e  c y t o s o l  o f  n o rm a l and p r e c a n c e ro u s  l i v e r  
i n  v i v o . F o r c o n v e n ie n c e ,  f u r t h e r  d i s c u s s i o n  on th e  
d i s t r i b u t i o n  o f  a c id  RNaso i n  p r e c a n c e r o u s  l i v e r  w i l l  be 
made e l s e w h e r e ,  a f t e r  th e  p r e s e n t a t i o n  o f  th e  a u t h o r ! s 
r e s u l t s .
R o th  (1963) made th e  f u r t h e r  o b s e r v a t i o n  t h a t  -  
" t h e r e  a p p e a rs  t o  bo a t e n d e n c y  f o r  RNase a c t i v i t y  i n  a
number o f  r a p i d l y  grow ing tum ours t o  be lo w er  t h a n  In  th e  
n o rm al t i s s u e  o f  o r i g i n .  I n  th e  t r a n s p l a n t a b l e  hepatom a 
t h i s  a p p e a rs  t o  be p a r t i c u l a r l y  t r u e  o f  RNase a c t i v i t y  
a s s o c i a t e d  w i th  th e  m i to c h o n d r i a l  f r a c t i o n .  T here  a r e  
many e x c e p t i o n s  t o  t h e s e  o b s e r v a t i o n s ,  . . .  no g e n e r a l  
c o n c lu s io n s  c an  be draw n. u
A lth oug h  t h e  amount o f  RNase i n h i b i t o r  i n  th e  s u p e r ­
n a t a n t  f r a c t i o n  o f  some h epa tom as  i s  much lo w er  t h a n  i n  
n o rm al l i v e r ,  i n  two o f  t h e  sev en  tum ours  s t u d i e d  b y  R o th  
e t  a l . (196lO i n h i b i t o r  l e v e l s  were e l e v a t e d  b y  a s  much 
as 200$ . 2 - A c o ta m id o f lu o r e n e - f c e d in g  i n c r e a s e d  s u p e r ­
n a t a n t  f r a c t i o n  RNase i n h i b i t o r  up t o  200$ o f  n o rm al 
a f t e r  12 w eek s , b u t  t h i s  f e l l  t o  th e  n o rm al l e v e l  when 
f e e d in g  s to p p e d  and t h e r e  was no accom panying s i g n i f i c a n t  
change i n  t h e  t o t a l  a l k a l i n e  RNaso a c t i v i t y  (R oth  and
W ojnar, 1 9 6 5 ) .  R e g e n e r a t in g  l i v e r  a f t e r  p a r t i a l  _ _______
h o p a te c to m y , b e in g  a r a p i d l y  grow ing  t i s s u e ,  i s  o f t e n  
u se d  a s  a h e l p f u l  c o m p ar iso n  w i th  ttimour and an  i n c r e a s e  
o f  s u p e r n a t a n t  RNase i n h i b i t o r  i s  a l s o  o b s e rv e d  i n  th e  
r e g e n e r a t i n g  l i v e r ,  r e a c h i n g  a maximum o f  ^0$ a f t e r  *+8 h r  
(S hortm an , 1961$ see a l s o  Maor and A le x a n d e r ,  1 9 6 8 ) .  
A ga in , as in ' p r e c a n c e ro u s  l i v e r ,  t h e r e  i s  l i t t l e  change 
i n  t h e  lt o t a l l a l k a l i n e  RNase a c t i v i t y ,  b u t  t h e r e  i s  an  
i n c r e a s e  i n  th e  s u p e r n a t a n t  a c i d  RNaso a c t i v i t y ,  w hich  
l a s t s  f o r  a t  l e a s t  e i g h t  d a y s .  In  th e  l i v e r s  o f  r a t s  
t r e a t e d  w i th  t h io a c o t a m i d o , a weak c a r c in o g e n ,  t h e r e  i s ,  
how ever, a marked d e c r e a s e  i n  th e  s u p e r n a t a n t  RNase 
i n h i b i t o r ,  a c o r r e s p o n d in g  d e c r e a s e  i n  t h e  ’l a t e n t 1
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a l k a l i n e  RNaso and an  i n c r e a s e  i n  th e  r f r e e T a l k a l i n e  
RNase a c t i v i t y  i n  t h e  s u p e r n a t a n t ,  n u c l e a r ,  m i t o c h o n d r i a l  
and m ic ro so m al f r a c t i o n s ,  w i th  no change i n  t h e  ly s o s o m a l  
f r a c t i o n  (C h a k ra v o r t j r  and B usch , 1967 5 a ,  b ) .
I t  h a s  ho on r e p o r t e d  h y  s e v e r a l  g ro u p s  o f  w o rk e rs  
t h a t ,  i n  r a p i d l y  p r o l i f e r a t i n g  t i s s u e ,  an i n c r e a s e d  r a t e  
o f  s y n t h e s i s  and a c c u m u la t io n  o f  RITA i s  o f t e n ,  
a l th o u g h  n o t  a lw a y s ,  p a r a l l e l e d  h y  an  augm ented RNase 
a c t i v i t y ,  e . g .  B rody  (1957)? Ledoux and B r a n d l i  (1 9 5 8 )5 
R o th  (1 9 6 3 ) ;  and B ro s n ic k  e t  a l . ( 1 9 6 6 ) .  T h is  h a s  
a l s o  b e e n  d e m o n s t r a te d  i n  t h e  n u c l e i  and n u c l e o l i  o f  
r a p i d l y  p r o l i f e r a t i n g  t i s s u e  in d u c e d  h y  th io a c o ta m id e ~  
t r e a t m e n t  ( V i l l a l o b o s ,  S t e e l e  and B usch , 1965)# -An 8 -9  
t im e s  i n c r e a s e  i n  n u c l e a r  RNase was fo u n d  a f t e r  2h  h r .
T h is  r i s e  I n  t h e  nuc3_ear RNase c o u ld  he p a r t l y  i n h i b i t e d
h y  a c t in o m y c in  D - t r e a tm e n t  ( S i e b e r t  e t  a l . s 1966 ) . ____ ____
T u rn e r  ( 1966) fou nd  t h a t  s i g n i f i c a n t  ch an g es  i n  n u c l e a r  
RNase were p ro d u c e d  h y  f e e d in g  e i t h e r  DAB or e t h i o n i n o .
The fo rm er  gave r i s e  t o  i n c r e a s e d  n u c l e a r  a c i d  R N ase5 
th e  l a t t e r ,  how ever ,  d e c r e a s e d  th e  n u c l e a r  a l k a l i n e  RNaso.
C h a k ra v o r ty  and Busch ( 1 9 6 7 ? a) have  p u b l i s h e d  a 
c o m p a ra t iv e  s tu d y  on th e  a l k a l i n e  RNase a c t i v i t y  i n  n u c l e a r  
f r a c t i o n  and s u b - n u c l e a r  f r a c t i o n s  from  n o rm al and 
r e g e n e r a t i n g  r a t  l i v e r  and some tu m o u rs .  They m e a su re d ,  
a t  pH 7 . *+, t h e  rf r e e l a c t i v i t y ,  and b o th  t h e  * l a t e n t *  
a c t i v i t i e s  m easured  a f t e r  f r e e z i n g  and th aw in g  and a f t e r  
th e  t o t a l  d e s t r u c t i o n  o f  th e  i n h i b i t o r .  In  a l l  th e  
tu m o u rs ,  ^ r e e *  a c t i v i t y  was lo w e r  t h a n  i n  n o rm a l  l i v e r ,
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b u t  was s i g n i f i c a n t l y  h i g h e r  i n  r e g e n e r a t i n g  l i v e r  
The r a t i o  o f  i n h i b i t o r  t o  ‘f r e e 1 a l k a l i n e  RNase a c t i v i t y  
was 10 -16  t im e s  g r e a t e r  i n  tum our t h a n  i n  n o rm a l t i s s u e ,  
and th e  r a t i o  o f  i n h i b i t o r  t o  t o t a l  a l k a l i n e  RNase was 
b - 7  t im e s  g r e a t e r .  The l a t e n t  RNase r e l e a s e d  b y  f r e e z e -  
th a w in g ,  T r i t o n  X-100 or s o n i c a t i o n  i n  tum our was l e s s  
t h a n  i n  n o rm a l  and r e g e n e r a t i n g  l i v e r .
The p r o p o r t i o n  o f  e x o n u c le a s e  t o  e n d o n u c le a s e  i n  t h e  
n u c l e i  o f  E h r l i c h  A s c i t e s  tum our c o l l s  i s  50 : 1 a s  
compared w i th  1 s 3 i n  n u c l e i  from  n o rm al t i s s u e  (L a z a ru s  
and Sporn , 1967; Sporn  e t  a l . . 1969)* I t  i s  th o u g h t  
t h a t  t h i s  n u c l e a r  5 rexo RNase p r e f e r e n t i a l l y  a t t a c k s  
r a p i d l y  l a b e l l e d  n u c l e a r  RNA and so  th e  i n c r e a s e  may w e l l  
a c c o u n t  f o r  t h e  low p r o t e i n  c o n te n t  o f t e n  fo u n d  i n  tum our 
c e l l s .  C o n v e rs e ly ,  h ow ev er ,  t h e  5 fPDase o f  N o v ik o f f  
a s c i t e s  hepatom a c e l l s  i s  r e d u c e d  t o  lb% o f  n o rm al t i s s u e  
a c t i v i t y  (de L am irande , 1966 and 1967)* In  n o rm al t i s s u e  
th e  enzyme, de Lam irande r e p o r t s  (1 9 6 6 ) ,  i s  e q u a l l y  
d i s t r i b u t e d  b e tw ee n  th e  n u c l e a r  and m ic ro so m al f r a c t i o n s ,  
b u t  t h e  p r o p o r t i o n  o f  m ic ro so m al a c t i v i t y  (de  L am ira n d e ,  
1967) i s  r e d u c e d  by  h a l f  i n  tum our, p r o b a b l y  r e s u l t i n g  
from  th e  r e d u c e d  amount o f  e n d o p la sm ic  r e t i c u l u m  p r e s e n t .  
The a u t h o r 1s r e s u l t s  ( s e e  R e s u l t s  s e c t i o n )  and 
th o s e  o f  E r o c in s k a  e t  a l . ( 196 9 ) ( s e e  P lasm a Membrane 
s e c t i o n ) , how ever ,  i n d i c a t e  t h a t  t h i s  enzyme i s  l o c a t e d  
p r i m a r i l y  i n  t h e  p lasm a membrane. Nodes and R e id  ( 196^)  
r e p o r t e d  l i t t l e  v a r i a t i o n  i n  t h e  l e v e l s  o f  PDase 
a c t i v i t i e s  i n  th e  s u b c e l l u l a r  f r a c t i o n s  o f  p r e c a n c e r o u s
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l i v e r  a s s a y e d  w i th  n u c le o s id e  c y c l i c  p h o s p h a te s  a s  
s u b s t r a t e s .
De Lam irande ( 1967) h a s  a l s o  r e p o r t e d  v e r y  re d u c e d  
l e v e l s  o f  JpRNase i n  N o v ik o f f  a s c i t e s  c e l l s  ( a b o u t  13$ 
o f  n o rm al t i s s u e ) .  I t  seems t h a t  t h i s  enzyme i s  a l s o  
p r o b a b ly  l o c a t e d  i n  th e  p lasm a  membrane ( s e e  a u th o r * s  
r e s u l t s )  and th e  r e d u c e d  enzyme a c t i v i t y  may c o r r e s p o n d  
t o  th e  re d u c e d  amount o f  p lasm a  membrane i n  t h e s e  tum our 
c e l l s .
The m ic ro som al f r a c t i o n s  o f  some p r im a ry  and t r a n s ­
p l a n t e d  tu m ours  have  b e en  r e p o r t e d  t o  c o n t a i n  no  RNase 
a c t i v i t y .  The ‘f r e e 1 RNase o f  r ib o so m e s  from  p r e c a n c e ro u s  
l i v e r  o f  r a t s  f e d  011 DAB i s  r e d u c e d  t o  z e ro  a f t e r  23 w eeks , 
and t h i s  change i s  accom panied  by  a c o r r e s p o n d in g  
i n c r e a s e  i n  th e  a l k a l i n e  RNase i n h i b i t o r  (A ro ra  and de 
L am iran d e , 1 9 6 8 ) .  A f a l l  i n  t h e  RNaso a c t i v i t y  i n  r a t  
l i v e r  r ib o so m e s  a f t e r  p a r t i a l  h e p a te c to m y  h a s  a l s o  b e e n  
r e p o r t e d  (A ro ra  and de L am iran de , 1967)* T h is  may w e l l  
a c c o u n t  f o r  th e  i n c r e a s e d  s t a b i l i t y  o f  mRNA r e p o r t e d  i n  
hepatom a and r e g e n e r a t i n g  r a t  l i v e r  ( e . g . ,  P i t o t ,  1965^
Bont e t  a l . , 1967) .
S ince  th e  two re v ie w s  by  R e id  and R o th  much work h a s  
boon p u b l i s h e d  c o n c e rn in g  RNase i n  c a n c e ro u s  t i s s u e ,  b u t  
th e  changes i n  RNase a c t i v i t y ,  a s  compared w i th  t h e  n o rm a l  
t i s s u e ,  seem t o  f o l lo w  110 o b v io u s  p a t t e r n  and th e  g e n e r a l  
o b s e r v a t i o n s  o f  R o th  and R e id  s t i l l  h o ld  t r u e .
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*+ The Q u a n t i t a t i v e  D e te rm in a t io n  o f  RNase A c t i v i t y
b  ( I )  Methods o f  RNase a s s a y
The v a r io u s  m ethods o f  RNase a s s a y  have b e en  summar­
i s e d  i n  a  number o f  r e v ie w s ,  e . g . ,  A n f in se n  and  W hite  
(1 9 6 1 ) ,  J o s e f s s o n  and L a g e r s t e d t  (1962 ) ,  de G a r i l h e  
(196*+), S i e b e r t  (1 9 6 6 ) ,  Roth ( 1967) .  J o s e f s s o n  and 
L a g e r s t e d t  (1962) have  c o r r e l a t e d  a s s a y  m ethods w i th  th e  
t h r e e  p h a se s  by  w hich  RNases may a t t a c k  o l i g o n u c l e o t i d e s .  
E ach  p ro c e d u re  depends on one o r  more o f  t h e s e  s t e p s .
The f i r s t  s t e p ,  t h e  n o n - h y d r o l y t i c  s t e p ,  c a u se s  a  s h i f t  
i n  t h e  a b s o r p t io n  maximum to  a s h o r t e r  w a v e le n g th  and  a n  
i n c r e a s e  i n  t h e  a p p a r e n t  volume o c c u p ie d  by  t h e  m o le c u le s  
i n  s o l u t i o n .  B o th  t h e s e  e f f e c t s  h av e  b een  u s e d  
r e s p e c t i v e l y  i n  s p e c t r o p h o t o m e t r i c  and  d i l a t o m e t r i c
m e th o d s . ------H y d ro ly s is  o f  t h e  p h o s p h o d i e s t e r  bonds a n d ____
t h e  f o r m a t io n  o f  c y c l i c  p h o sp h a te  end g roups i n  t h e  
s e c o n d  s t e p  i s  t h e  b a s i s  o f  a number o f  more common 
a s s a y  p r o c e d u r e s .  The t h i r d  s t e p  i s  th e  o p e n in g  o f  
t h e  2 1, 3 1-p h o s p h a te  r i n g  o f  c y c l i c  n u c l e o t i d e s ,  w hich  
c a u s e s  a  change i n  t h e  u l t r a v i o l e t  s p e c t ru m , r e l e a s e s  
t i t r a t a b l e  s e c o n d a ry  p h o s p h o ry l  g ro u p s ,  y i e l d s  s p e c i f i c  
p r o d u c t s  and i s  accom pan ied  by  o p t i c a l  r o t a t i o n a l  c h a n g e s .
Many RNases show a l l  t h r e e  p h a se s  o f  n u c l e o l y t i c  
a t t a c k ,  a l th o u g h  i n  some c a s e s  no d i s t i n c t  c y c l i c  
i n t e r m e d i a t e  i s  fo rm ed , so th e  s e c o n d  and t h i r d  p h a s e s  
o f  a t t a c k  c an n o t  be  d i s t i n g u i s h e d .  I n  some o t h e r  c a s e s  
t h e  c y c l i c  p h o sp h a te  i s  t h e  f i n a l  p r o d u c t .
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b  ( I I )  A ssay  m ethods b a s e d  on th e  n o n - h v d r o l v t i c  
s ta g e  o f  RNase a c t i o n
K u n i tz  ( 19 -^6 ) f i r s t  d e v i s e d  an - u l t r a v i o l e t  s p e c t r o -  
p h o to m e t r i c  a s s a y  b a s e d  on th e  s h i f t  i n  t h e  u l t r a v i o l e t  
a b s o r p t io n  sp e c tru m  o f  RITA t o  s h o r t e r  w a v e le n g th s  
accom panying th e  i n i t i a l  r e a c t i o n  o f  RNase w i th  p o l y ­
n u c l e o t i d e s .  T h is  method r e q u i r e s  an o p t i c a l l y  c l e a r  
s o l u t i o n  and i s  n o t  p a r t i c u l a r l y  s e n s i t i v e ;  h ow ever ,  
th e  a s s a y  i s  s im p le  and th e  b a s i c  r e a c t i o n  i s  n o n - s p e c i f i c  
so i t  i s  s t i l l  w id e ly  u se d  a s  a r o u t i n e  a s s a y  m ethod.
V a n d e n d r ie s sc h e  (1956) u t i l i s e d  a d i l a t o m e t r i c  
t e c h n iq u e  t o  d e te rm in e  th e  s p e c i f i c  a c t i o n  o f  RNase 011 
d i f f e r e n t  s u b s t r a t e s .  The n o n - h y d r o l y t i c  a l t e r a t i o n s  
i n  th e  RNA s t r u c t u r e  i n  th e  f i r s t  s t a g e  o f  RNase a c t i o n  
a re  accom panied  by  an a p p a r e n t  i n c r e a s e  i n  t h e  volume o f  
th e  m o le c u le s  i n  s o l u t i o n ,  w hich  i s  p r o b a b ly  a r e s u l t  o f  
th e  d i s s o c i a t i o n  of. c e r t a i n  a c i d i c  g ro u p s  i n  RNA and can  
be fo l lo w e d  d i l a t o m e t r i c a l l y .
b  ( I I I )  A ssay  m ethods b a s e d  on th e  s p l i t t i n g  o f  
p h o s o h o d ie s t e r  bo nds by  RNase a c t i o n
A Methods in v o lv in g  th e  p r e c i p i t a t i o n  o f
u n d e g ra d ed  s u b s t r a t e  and l a r g e  d e g r a d a t i o n  
•products
The most w id e ly  u se d  t e c h n iq u e  f o r  a s s a y in g  RNase 
a c t i v i t y  i s  b a s e d  on th e  s e p a r a t i o n  o f  th e  low m o le c u la r  
w e ig h t  d e g r a d a t i o n  p r o d u c t s  from  th e  l a r g e r  o l i g o n u c l e o ­
t i d e s  by  p r e c i p i t a t i n g  th e  l a t t e r  and a s s a y in g  th e  
n u c l e o t i d e s  r e m a in in g  i n  s o l u t i o n .  T h is  p ro c e d u r e  
i s  p ro b a b ly  th e  most s e n s i t i v e ,  r e p r o d u c i b l e  and 
c o n v e n ie n t  one f o r  u se  w i th  a l a r g e  number o f  s a m p le s .
The t i s s u e  hom ogenate  o r  enzyme p r e p a r a t i o n  i s  in c u b a te d  
w i th  b u f f e r  and s u b s t r a t e .  The r e a c t i o n  i s  s to p p e d  b y  
th e  a d d i t i o n  o f  a r e a g e n t  w hich  p r e c i p i t a t e s  th e  
u n h y d ro ly so d  RNA, t o g e t h e r  w i th  any l a r g e  o l i g o n u c l e o ­
t i d e s  w hich  may have  b e en  fo rm ed . The p r e c i p i t a t e  i s  
removed b y  c e n t r i f u g a t i o n  o r  by  f i l t r a t i o n ,  and th e  
amount o f  s o lu b le  p ro d u c t  r e m a in in g  i n  s o l u t i o n  i s  
d e te r m in e d ,  u s u a l l y  b y  m easu r in g  t h e  a b so rb a n c e  a t  
260nm. The p r e c i s e  c o n d i t i o n s  f o r  any p a r t i c u l a r  a s s a y  
w i l l ,  how ever ,  depend on th e  p r o p e r t i e s  o f  RNase, whose 
a c t i v i t y  i s  b e in g  m easu red .
R oth  ( 1967)3 i n  h i s  r e v ie w  o f  RNase a s s a y  p r o c e d u r e s ,  
h a s  s t r e s s e d  th e  im p o r ta n c e  o f  p e r fo rm in g  t i s s u e  and 
s u b s t r a t e  b la n k s  i n  p a r a l l e l  w i th  eac h  a s s a y .  Endo­
genous RNA i n  t h e  sample may b r e a k  down, and a c i d -  
s o l u b l e  p e p t i d e s  and n u c l e o t i d e s  i n  th e  s a m p le , t o g e t h e r  
w i th  o t h e r  su b s ta n c e s ,  may c o n t r i b u t e  t o  th e  a b so rb e n c e  
a t  260nm. Hence a t i s s u e  b la n k  i s  r e q u i r e d  w i th  th e  
s u b s t r a t e  o m i t t e d  from  th e  i n c u b a t i o n  medium. R o th  
(1952) r e p o r t e d  t h a t  th e  p r e s e n c e  o f  l a r g e  am ounts o f  
added RNA may i n h i b i t  th e  breakdow n o f  endogenous 
p r o t e i n  and RNA and so s u b t r a c t i o n  o f  th e  m easu red  
t i s s u e  b la n k  w i l l  l e a d  t o  a low e s t im a t e  o f  t h e  RNase 
a c t i v i t y .  R o th  t r i e d  t o  a v o id  t h i s  p ro b lem  b y  u s in g  
P 3 2 ~ ia b e l le d  RNA and m easu r in g  th e  r a d i o a c t i v i t y  o f  th e  
a c i d - s o l u b l e  p r o d u c t s .  S in c e  th e  s u b s t r a t e  was th e  
o n ly  r a d i o a c t i v e  m a t e r i a l  p r e s e n t ,  no t i s s u e  b l a n k  was 
r e q u i r e d .  R o th  fou nd  t h e r e  were p r a c t i c a l  d i f f i c u l t i e s
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i n  p ro d u c in g  l a b e l l e d  RNA, and h i s  p r e p a r a t i o n ,  w hich  
was m ost p r o b a b ly  low m o le c u la r  w e ig h t ,  r a p i d l y  
l a b e l l e d  mRNA w i th  c o m p a r a t iv e ly  l i t t l e  s e c o n d a ry  
s t r u c t u r e ,  was more s u s c e p t i b l e  t o  d e g r a d a t i o n  b y  th e  
a c i d  p r e c i p i t a t i n g  r e a g e n t s  th an w ere  th e  l a r g e r  m o le c u la r  
w e ig h t  com m erc ia l  RNA p r e p a r a t i o n s .
In  p r a c t i c e  th e  i n h i b i t i o n  o f  endogenous RNA and 
p r o t e i n  breakdow n by  l a r g e  amounts o f  added RNA (R o th ,  
1952) i s  n o t  r e a l l y  a s i g n i f i c a n t  p ro b lem ; o n ly  i n  
h i g h l y  c o n c e n t r a t e d  hom ogenates  and s u b c e l l u l a r  
f r a c t i o n s ,  e s p e c i a l l y  th o s e  c o n ta in i n g  much RNA, a re  
t h e r e  a p p r e c i a b l e  t i s s u e  b l a n k s  (R o th ,  1967)*
S u b s t r a t e  b l a n k s ,  i n  w hich  th e  t i s s u e  sample i s  
o m i t t e d ,  a re  a l s o  n e c e s s a r y .  S u b s t r a t e  b l a n k s  may 
have q u i t e  h ig h  v a lu e s  r e s u l t i n g  from  a number o f  
f a c t o r s . Most com m erc ia l RNA p r e p o r a t i o n s  c o n t a i n  a 
c o n s i d e r a b le  amount o f  a c i d - s o l u b l e  d e g r a d a t i o n  p r o d u c t s  
and th e  more e x p e n s iv e  p r e p a r a t i o n s  o f t e n  s t i l l  c o n t a i n  
some a c i d - s o l u b l e  m a t e r i a l ,  ev en  a f t e r  e x t e n s i v e  
d i a l y s i s .  S u b s ta n c e s  i n  th e  a s s a y  medium, o t h e r  t h a n  
th e  t i s s u e ,  may have  an a p p r e c i a b l e  RNase a c t i v i t y ,  
e . g . ,  th e  s u c ro s e  i n  w hich  th e  t i s s u e  i s  d i s p e r s e d  
(H in to n ,  Burge and H artm an , 1969 ) ( s e e  r e s u l t s  s e c t i o n ) .  
Some p r e c i p i t a t i n g  a g e n t s ,  e s p e c i a l l y  t h e  a c id  p r e ­
c i p i t a n t  s ,  may cau se  c o n s i d e r a b l e  d e g r a d a t i o n  o f  RNA, 
oven th o u g h  th e  medium i s  k e p t  c o ld  and th e  t r e a t m e n t  
i s  b r i e f  (A m bellan  and H o l l a n d e r ,  1966 , b ) . The 
p r e c i p i t a t i n g  a g e n t s ,  n o t a b l y  th o s e  c o n ta in i n g  u r a n y l
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s a l t s 3 may th e m s e lv e s  have  a c o n s i d e r a b le  a b s o rb e n c e  a t  
260nm. H ence , f o r  a l l  RNase a s s a y s  i t  i s  n e c e s s a r y  to  
p e r fo rm  i n c u b a te d  and z e ro  tim e ' s u b s t r a t a  and t i s s u e  
b la n k s  f o r  e a c h  sam ple .
i  P r e c i p i t a t i n g  a g e n ts
A p r e c i p i t a t i n g  a g e n t ,  i d e a l l y ,  sh o u ld  remove a l l  
th e  U.V. a b s o rb in g  m a t e r i a l  from  s o l u t i o n  e x c e p t  th e  
RNA breakdow n p r o d u c t s ,  and i t s  own a b so rb e n c e  a t  
26Qnm sh o u ld  be low .
The v a r i o u s  p r e c i p i t a t i n g  r e a g e n t s  d e s c r i b e d  eac h  
have t h e i r  a d v a n ta g e s  and d i s a d v a n t a g e s .  A few exam ples 
a re  d i s c u s s e d  b e lo w . U n f o r t u n a t e l y ,  i n  o n ly  a v e r y  
few c a s e s  have  w o rk e rs  r e p o r t e d  th e  s p e c i f i c i t y  o f  
t h e i r  p r e c i p i t a t i n g  r e a g e n t  u n d e r  t h e i r  a s s a y  c o n d i t i o n s .  
A s tu d y  on th e  s i z e  o f  o l i g o n u c l e o t i d e s  r e m a in in g  i n  
s o l u t i o n  a f t e r  t r e a t m e n t  w i th  v a r i o u s  p r e c i p i t a t i n g  
a g e n ts  i s  r e p o r t e d  i n  th e  r e s u l t s  s e c t i o n .
&) Acid r e a g e n t s ,  such  a s  p e r c h l o r i c  a c id  (PCA), 
a re  q u i t e  e f f e c t i v e  f o r  p r e c i p i t a t i n g  n u c l e i c  a c i d s  
and p r o t e i n s .  The g r o a t  d i s a d v a n ta g e  o f  such  r e a g e n t s  
i s  t h a t  t h e y  may cau se  f u r t h e r  h y d r o l y s i s  o f  t h e  RNA 
b u t  t h i s  can  be m in im ised  by  th e  c a r e f u l  c o n t r o l  o f  
c o n d i t i o n s  and i n  any c a se  i s  t h e  same f o r  sam ples  and 
b l a n k s .  PCA i s  p r o b a b ly  th e  most common p r e c i p i t a t i n g  
a g e n t  and i s  u se d  i n  many d i f f e r e n t  c o n c e n t r a t i o n s .  Some 
exam ples o f  th e  u se  o f  PCA a re  S c h n e id e r  and Hogoboom 
( 1952)9 B eard  and R a z z e l l  ( I 961-!-), V i l l a l o b o s  o t  a l .
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(1965) and M orais and de Lam irando (1965 , a ) .  PC'fl, 
u n l i k e  TCA ( t r i c h l o r a c e t i c  a c i d ) ,  d e g ra d e s  RNA a t  a 
v e r y  r a p i d  pace  a s  th e  t e m p e r a tu re  r i s e s  h u t ,  u n f o r t ­
u n a t e l y ,  TCA i s  n o t  a s u i t a b l e  p r e c i p i t a t i n g  a g e n t  
s i n c e ,  w i th  some RNA p r e p a r a t i o n s ,  i t  t e n d s  t o  y i e l d  
c o l l o i d a l  p r e c i p i t a t e s  w hich  a re  d i f f i c u l t  t o  s e d im e n t .  
TCA a l s o  h a s  an a p p r e c i a b l e  a b so rb en c e  a t  260nm 
a l th o u g h  i t  h a s  b e en  u se d  by  some w o r k e r s ,  e .g . ,  Lewis 
and Gamble ( 1969 ) .  Nodes (196*+), R o th  ( 1967) and 
o t h e r s  have  s t r e s s e d  th e  im p o r ta n c e  o f  add ing  t h e  PCA 
i c e  c o ld  and o f  im m edia te  m ix in g ,  o f  s t o r a g e  i n  t h e  
c o ld  f o r  a f i x e d  p e r i o d  o f  t i m e , and o f  c e n t r i f u g a t i o n  
i n  a c o ld  c e n t r i f u g e .  R o th  ( 1967) r e p o r t s  t h a t  
c e n t r i f u g a t i o n  f o r  15 m in u te s  i n  an u n r e f r i g e r a t o d  
bench  c e n t r i f u g e  a t  room te m p e r a tu re  may cau se  breakdow n 
o f  up to  25/5 o f  th e  m ac ro m o lecu la r  RNA p r e s e n t .
MacFadyen (193^) d e m o n s t r a te d  t h a t  t h e  a d d i t i o n  
o f  u r a n y l  c h lo r i d e  t o  a c i d i c  r e a g e n t s  im proves  th e  
p r e c i p i t a t i o n  o f  RNA; m o n o n u c le o t id e s  and o l i g o ­
n u c l e o t i d e s  o f  low m o le c u la r  w e ig h t  re m a in  i n  s o l u t i o n  
b u t  th e  mean m o le c u la r  w e ig h t  o f  t h e s e  a c i d - s o l u b l e  
d e g r a d a t i o n  p r o d u c t s  was n o t  known. T h is  o b s e r v a t i o n  
h a s  b e en  e x p l o i t e d  e x t e n s i v e l y  i n  m ethods f o r  th e  
a s s a y  o f  RNase a c t i v i t y .  The m ost common p r e c i p i t a t i o n  
medium i s  known as  MacFadyen’ s r e a g e n t  and i s  0.75% 
u r a n y l  a c e t a t e  i n  25% PCA, e . g . ,  J o s e f s s o n  and 
L a g e r s t e d t  (1 9 6 2 ) ,  F u t a i  o t  a l . ( 1969) .  However, 
s in c e  u r a n y l  s a l t s  th e m se lv e s  have a h ig h  a b s o r p t i o n
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a t  260nm, some w o rk e rs  have  lo w e re d  th e  c o n c e n t r a t i o n  
o f  u r a n y l  s a l t s ,  e . g . ,  Hilmoe ( I 9 6 0 ) ,  R a id  e t  a l .
( 1 9 6 h ) .  P r o t e i n  and h i g h  m o le c u la r  w e ig h t  o l i g o ­
n u c l e o t i d e s  a r e  p r e c i p i t a t e d  by  such  m edia b u t ,  as  
Dickman o t  a l . (1956) and Dickman and R ing (1958) have  
shown, th e  d e g re e  o f  p r e c i p i t a t i o n  may d i f f e r  w i th  
v a r i a t i o n s  i n  t h e  i o n i c  s t r e n g t h ,  pH or c o n c e n t r a t i o n  
o f  s u b s t r a t e  i n  th e  o r i g i n a l  a s s a y  medium. Dickman 
and T ru p in  (1959) d e v is e d  an a s s a y  p ro c e d u re  i n  w hich  
th e  c o n c e n t r a t i o n  o f  u r a n y l  s a l t s  and PCA were 
r e g u l a t e d  t o  g iv e  a f i n a l  pH o f  *+.0; a l l  n u c l e o t i d e s  
c o n ta in i n g  amino g ro u p s  were p r e c i p i t a t e d ,  l e a v in g  
u r i d i n e  d e r i v a t i v e s  as  th e  so lo  s o lu b le  p r o d u c t s  o f  
th e  r e a c t i o h .  In  g e n e r a l ,  i t  may be s a i d  t h a t ,  w h i le  
w o rk e rs  have  u se d  d i f f e r e n t  b u f f e r s ,  and a v a r i e t y  o f  
c o n c e n t r a t i o n s  o f  b u f f e r  and p r e c i p i t a t i n g  a g e n t ,  
u r a n y l  s a l t s  i n  PCA p r e c i p i t a t e  o l i g o n u c l e o t i d e s  o f  
low er  m o le c u la r  w e ig h t  t h a n  m ost o t h e r  p r e c i p i t a n t s  
u se d  i n  RNase a s s a y s .
Mien, as i s  th e  c a s e  w i th  u r a n y l  a c o ta te /P C A , 
t h e  a c i d - s o l u b l e  p r o d u c t s  a r e  s m a l l ,  and when th e  
i n i t i a l  s u b s t r a t e  i s  o f  h ig h  m o le c u la r  w e ig h t ,  t h e r e  
may b e ,  w i th  an e n d o n u c l e o l y t i c  enzyme, a d e la y  b e f o r e  
th e  p r o d u c t i o n  o f  s u f f i c i e n t l y  sm a ll  o l i g o n u c l e o t i d e s  
and m o n o n u c le o t id e s  t o  re m a in  i n  s o l u t i o n .  Hence 
Zimmerman and Sandeen (1965) o b se rv e d  a l a g  i n  t h e  
a p p ea ra n c e  o f  a c i d - s o l u b l e  d e g r a d a t i o n  p r o d u c t s ,  when 
a s s a y in g  p a n c r e a t i c  RNase, w i th  p o ly  C a s  th e  s u b s t r a t e .
-  70 -
W ith t h i s  enzyme, t h e y  fo u n d  th e  l a g  t im e  t o  be  d i r e c t l y  
c o r r e l a t e d  w i th  th e  a v e ra g e  c h a in  l e n g t h  o f  t h e  
s u b s t r a t e  u s e d .  The p r e c i p i t a n t  u se d  i n  t h i s  c a se  
was (V/V) PCA, (2.6% f i n a l  c o n c e n t r a t i o n ) .  O ther 
w o r k e r s ,  who have p u b l i s h e d  c u rv e s  o f  t h e  p r o d u c t i o n  
o f  a c i d - s o l u b l e  p r o d u c t s  w i th  t im e ,  w i th  s i m i l a r  
a s s a y  p r o c e d u r e s ,  have  n o t  n o te d  any i n i t i a l  l a g ,  
e . g . .  Nodes (196*+), H u n te r  and K orner (1 9 6 8 ) .
However, t h i s  d i f f e r e n c e  may be e x p la in e d  by  th e  
d i f f e r e n c e s  i n  th e  s i z e  o f  th e  s u b s t r a t e .  W hereas 
Zimmerman and Sandoon were u s in g  a s u b s t r a t e  w i t h  a 
c h a in  l e n g t h  o f  t h e  o r d e r  o f  200-1+00 n u c l e o t i d e s ,  th e  
mean c h a in  l e n g t h  o f  th e  p o ly  U u se d  by  H u n te r  and K orner  
was o n ly  17 n u c l e o t i d e s .  The mean m o le c u la r  w e ig h t  
o f  s u b s t r a t e  m o le c u le s  i s  r a r e l y  p u b l i s h e d ,  h o w ever ,  
p u r i f i e d  com m erc ia l y e a s t  RNA i s  p r o b a b ly  th e  m ost 
common s u b s t r a t e  i n  RNase a s s a y s ,  e . g . .  Nodes (1 9 6 h ) ,  
and i s  o f  s m a l l  mean c h a in  l e n g t h  ( s e e  C h a p te r  3) 
compared w i th  th e  s u b s t r a t e s  o f  Zimmerman and S andeen , 
so t h a t  a l a g  i s  n o t  u s u a l l y  d e t e c t e d .
h) Acid r e a g e n t s  i n  o r g a n ic  s o l v e n t s  fo rm  a second  
c l a s s  o f  p r e c i p i t a t i n g  m ed ia .  Of t h e s e ,  g l a c i a l  
a c e t i c  a c i d - t e r t - b u t a n o l  ( 1 ;2  by  volum e) was f i r s t  
u se d  as a p r e c i p i t a t i n g  r e a g e n t  i n  RNase a s s a y s  b y  
Dickman e t  a l . (1956) and h a s  s u b s e q u e n t ly  b e en  u s e d  
by  a number o f  o t h e r  w o rk e r s ,  e . g . ,  T ab a ch n ick  (1 9 6 1 ) .  
R o th  (1967) h a s  r e p o r t e d  t h a t ,  i n  a s s a y s  o f  c rud e  
b i o l o g i c a l  p r e p a r a t i o n s ,  th e  a c e t i c  a c i d - t e r t - b u t a n o l
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r e a g e n t  i s  l o s s  e f f e c t i v e  t h a n  th e  H C l- e th a n o l -  
lan th an u m  ( d e s c r i b e d  be low ) i n  t h a t  i t  l e a v e s  o l i g o ­
n u c l e o t i d e s  o f  a h ig h e r  moan m o le c u la r  w e ig h t  i n  
s o l u t i o n .  I t  h a s  a l s o  b e en  r e p o r t e d  t o  be l o s s  
e f f e c t i v e  t h a n  o th e r  p r e c i p i t a n t s , when u se d  w i th  
s y n t h e t i c  s u b s t r a t e s  (Zimmerman and S an deen , 1965)? 
b u t  h a s  b e en  u se d  w i th  p u r i f i e d  enzymes o f  known 
s p e c i f i c i t y .
A no ther medium o f  th e  same typo  i s  a c i d - e t h a n o l  
(IN HC1 i n  76% e t h a n o l ) , w h ich  was o r i g i n a l l y  u s e d  by  
R o th  (1 9 5 2 ) .  B ro w n h i l l  0 t  a l . (1959) u s e d  ZnCl2 i n  
e th a n o l ,  w h ic h ,  t h e y  c la im e d ,  gave more r e p r o d u c i b l e  
r e s u l t s  t h a n  H C l- o th a n o l ,  and R o th  (1962) r e p o r t e d  
t h a t  th e  a d d i t i o n  o f  L aC l^ , t o  t h e  H C l-e th a n o l  
r e a g e n t ,  a l s o  gave more c o n s i s t e n t  r e s u l t s .  S chucher 
and Hokin ( 195^) u se d  an e t h a n o l - a c e t i c  a c id  p r e c i p i ­
t a t i n g  r e a g e n t .  The p r e s e n c e  o f  a l c o h o l  i n  t h e s e  
r e a g e n t s  r e d u c e s  th e  h y d r o l y t i c  a c t i o n  o f  th e  a c i d ,  
and a c e t i c  a c i d  p ro b a b ly  c a u s e s  l e s s  d e g r a d a t i o n  
th a n  s t r o n g  m in e r a l  a c i d s .  However, S ta v e y  e t  a l . 
( 1 9 6 ^ ) ,  u s in g  PCA i n  5°% e t h a n o l ,  were a b le  t o  s t a n d  
t h e i r  i n c u b a t i o n  m ix tu r e ,  p l u s  p r e c i p i t a n t ,  a t  room 
te m p e r a tu re  f o r  20 m in u te s  b e f o r e  c e n t r i f u g a t i o n  
w i th o u t  o b s e r v in g  any f u r t h e r  a p p r e c i a b l e  h y d r o l y s i s .
c ) O rgan ic  s o l v e n t s  and m e ta l  i o n s  i n  n e u t r a l  s o l u t i o n  
may a l s o  bo u s e d  t o  p r e c i p i t a t e  RNA and p r o t e i n  
( F i e r s ,  I 96I ) . The p r e c i p i t a t i o n  o f  o l i g o n u c l e o t i d e s
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as  th e  s a l t s  o f  h e av y  c a t i o n s  i s  v e r y  r e p r o d u c i b l e .  
S u b s t r a t e  h y d r o l y s i s  by  th e  p r e c i p i t a t i n g  a g e n t  i s  
m in im a l3 s in c e  th e  l a t t e r  i s  n o n - a c i d i c .  The t im e  
l a p s e  b e tw een  p r e c i p i t a t i o n  and c e n t r i f u g a t i o n  i s  n o t  
c r i t i c a l .  A f t e r  a minimum p r e c i p i t a t i o n  p e r i o d  a t  
room t e m p e r a t u r e ,  t h e r e  i s  v e r y  l i t t l e  change i n  th e  
ab so rb en c e  o f  s u p e r n a t a n t  a t  260nm i f  th e  t im e  i s  
i n c r e a s e d  b e tw ee n  p r e c i p i t a t i o n  and . c e n t r i f u g a t i o n ,  
and w hat l i t t l e  t h e r e  i s  w i l l  be c a n c e l l e d  o u t  b y  an 
e q u a l  i n c r e a s e  i n  t h e  b l a n k s .
F i e r s  compared h i s  p r e c i p i t a t i n g  r e a g e n t ,  b a r iu m  
p e r c h l o r a t e - w a t e r - 2 - o th o x y e b h a n o l , w i th  u r a n y l  a c e t a t e  
i n  PCA, a n d , u n d e r  th e  c o n d i t i o n s  u s e d ,  th e  l a t t e r  
p ro d u ced  t h r e e  t im e s  more s o l u b l e  p r o d u c t s .  T h i s ,  
he c o n c lu d e d ,  was due t o  th e  s m a l l e r  s i z e  o f  th e  
o l i g o n u c l e o t i d e s  re m a in in g  i n  s o l u t i o n  a f t e r  t r e a t m e n t  
w i th  Ba(C10^f) 2- e t h a n o l .  He d id  n o t  d e te rm in e  th e  
s i z e  o f  th e  s o l u b l e  d e g r a d a t i o n  p r o d u c t s  b u t ,  s in c e  
’ c o r e 1 RNA, o b ta in e d  by  th e  e x h a u s t i v e  d i g e s t i o n  o f  
RNA by  b o v in e  p a n c r e a t i c  RNase, was r e a d i l y  p r e c i p i t a t e d ,  
he  c o n c lu d e d  t h a t  th e  moan c h a in  l e n g t h  was g r e a t e r  
th a n  one b u t  s m a l l e r  th a n  f o u r .
F o l lo w in g  th e  p u b l i c a t i o n  o f  F i e r s ’ RNase a s s a y  
p r o c e d u r e ,  a number o f  o th e r  n o n - a c i d i c  p r e c i p i t a t i o n  
r e a g e n t s  was d e v e lo p e d .  R a z z o l l  (1963) s t u d i e d  th e  
p r e c i p i t a t i o n  o f  s y n t h e t i c  p o l y n u c l e o t i d e s  and low  
m o le c u la r  w e ig h t  RNA w i th  magnesium s a l t s  and e t h a n o l .  
Under th e  c o n d i t i o n s  he u s e d ,  n u c l e o t i d e s  o f  c h a in
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l e n g t h  7 t o  200 o r  more w ere  c o m p le te ly  p r e c i p i t a t e d  
i r r e s p e c t i v e  o f  t h e  p r e s e n c e  o r  ab sen ce  o f  p h o sp h a te  
end g ro u p s .  U n lik e  m ost o f  th e  p r e c i p i t a n t s  p r e v i o u s l y  
m e n t io n e d ,  no d i l u t i o n  o f  t h e  s u p e r n a t a n t  a f t e r  p r e c i p i ­
t a t i o n  was r e q u i r e d  b e f o r e  s p o c t r o p h o to m e t r i e  m easu re ­
ment .
Am bellan and H o l la n d e r  (1 966 , a and b )  m o d if ie d  
R a z z e l l ’ s r e a g e n t  b y  th e  a d d i t i o n  o f  la n th a n u m , and 
r e p o r t e d  t h i s  t o  be v e r y  e f f e c t i v e  i n  c ru d e  enzyme 
sy s te m s .  The M g -e thano l r e a g e n t ,  w hich  was o r i g i n a l l y  
d e s ig n e d  by  H a z z o l l  f o r  th e  p r e c i p i t a t i o n  o f  s y n t h e t i c  
n u c l e o t i d e s ,  was shown t o  bo i n e f f e c t i v e  i n  p r e c i p i ­
t a t i n g  l a r g e  m o le c u la r  w e ig h t  RNA s u b s t r a t e s .
-H-I n c r o a s in g  th e  Mg c o n c e n t r a t i o n  t e n - f o l d  d i d  n o t  
im prove t h e  p r e c i p i t a t i o n  ( e x c e p t  when c h e l a t i n g  
a g e n ts  were p r e s e n t  i n  t h e  i n c u b a t i o n  m edium ), b u t  
w i th  added lan th an u m  i n  th e  p r e c i p i t a t i n g  medium 
p r e c i p i t a t i o n  was much im p ro v ed , l e a v in g  o n ly  mono­
n u c l e o t i d e s  and sm a ll  o l i g o n u c l e o t i d e s  i n  s o l u t i o n .
With th e  i n c r e a s e d  p r e c i p i t a t i o n  o f  s m a l l e r  o l i g o ­
n u c l e o t i d e s ,  t h e  a c c u ra c y  o f  t h e  a s s a y  o f  a p u r i f i e d  
enzyme u s in g  a h i g h l y  p u r i f i e d ,  l a r g e  m o le c u la r  w e ig h t  
RNA s u b s t r a t e  i s  r e d u c e d .  However, w i th  c ru d e  enzyme 
p r e p a r a t i o n s  o r  w i th  c rude  s u b s t r a t e ,  t h e r e  i s  a 
s u b s t a n t i a l  g a in  from  b la n k  r e d u c t i o n .  H ence , th e  
lan than um  c o n c e n t r a t i o n  s u g g e s te d  by  A m bellan  and 
H o l la n d e r  f o r  g e n e r a l  RNase a s s a y  was a compromise 
be tw een  t h e s e  two e x tr e m e s .  Am bellan and H o l l a n d e r
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a l s o  showed t h a t  i n c r e a s i n g  th e  magnesium i o n  concen­
t r a t i o n  i n  th e  M g -e th an o l o r  M g -e th an o l-L a  r e a g e n t s ,  
above a minimum c o n c e n t r a t i o n ,  had  no e f f e c t  i f  c i t r a t e  
b u f f e r  was u s e d  i n  th e  i n c u b a t i o n  medium. However, 
when c i t r a te -p h o s p h a te -E D T A  b u f f e r  was u s e d ,  i t  was 
n e c e s s a r y  t o  i n c r e a s e  th e  c o n c e n t r a t i o n  o f  magnesium, 
b e c a u se  th e  e f f e c t i v e  c o n c e n t r a t i o n  was r e d u c e d  by  
c o m p le t in g  w i th  p h o sp h a te  o r  b y  c h e l a t i o n  w i th  c i t r a t e  
o r  EDTA. Lanthanum a c e t a t e  o r  c h lo r i d e  c o u ld  be u s e d ,  
b u t  lan th an u m  n i t r a t e  was p r e f e r r e d  b e c a u se  o f  i t s  
g r e a t e r  s o l u b i l i t y .  The p r e s e n c e  o f  lan th an u m  a l s o  
im proves th e  p r e c i p i t a t i o n  o f  p r o t e i n  i n  th e  i n c u b a t i o n  
medium m ix tu r e .  H o r to n  and B o th  ( 1967) ,  u s in g  th e  
M g -L a-e th an o l p r e c i p i t a t i n g  medium, s u g g e s te d  t h a t  011 
a m ic r o s c a le  th e  s e n s i t i v i t y  c o u ld  be i n c r e a s e d  10 - 
t o  1 0 0 - fo ld c
Am bellan  and H o l la n d e r  ( 1 9 6 6 , a)  s u g g e s te d  t h a t  
i n  a m ic r o s c a le  a s s a y  i t  c o u ld  be v a lu a b l e  t o  r e p l a c e  
e th a n o l  by  2 - e th o x y e th a n o l  ( C e l i o s o l v e ) , t o  r e d u c e  
e v a p o r a t io n ;  no d i f f e r e n c e  i n  th e  p r e c i p i t a t i n g  e f f e c t s  
o f  th e  two r e a g e n t s  was o b s e rv e d .  The M g -L a-C e llo so lv e  
r e a g e n t  d id  n o t  p r e c i p i t a t e  sm a l l  o l i g o n u c l e o t i d e s  a s  
e f f e c t i v e l y  as  b a r i u m - p e r c h l o r a t e - C c l l o s o l v e .
Am bellan and H o l la n d e r  gave an example o f  a t y p i c a l  
RNase a s s a y  an d , when a l l  o t h e r  c o n d i t i o n s  wore c o n s t a n t ,  
th e  M g -L a-C e llo so lv e  p r e c i p i t a n t  l o f t  an e i g h t - f o l d  
g r e a t e r  amount o f  RNA breakdow n p r o d u c t s  i n  s o l u t i o n  
th a n  th e  b a r i u m - p e r c h l o r a t e - C e l l o s o l v e .
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The u se  o f  l io n - a c id i c  p r e c i p i t a t i o n  r e a g e n t s  
r e q u i r e s  some p r i o r  knowledge o f  th e  enzyme s p e c i f i c i t y  
and th e  n a t u r e  o f  th e  end  p r o d u c t s ,  a c t i v a t o r s  and 
i n h i b i t o r s .  In  th e  s tu d y  o f  new enzymes and o f  
c rude  and p a r t i a l l y  p u r i f i e d  s y s te m s ,  t h e s e  a r e  o f t e n  
unknown f a c t o r s .  F i e r s  ( 1 9 6 1 ) ,  Am bellan and H o l l a n d e r  
(19665 b )  and o t h e r s  have r e p o r t e d  a number o f  f a c t o r s  
w hich  m ust be  t a k e n  i n t o  a c c o u n t  when i n t e r p r e t i n g  
r e s u l t s  o b t a in e d  u s in g  n o n - a c id  p r e c i p i t a t i n g  
r e a g e n t s .  Some o f  t h e s e  f a c t o r s  a r e  a l s o  a p p l i c a b l e  
t o  a c i d i c  r e a g e n t s .
F i e r s  (1961) r e p o r t e d  t h a t  v a r i o u s  c a t i o n s  and 
a n io n s  may r e a c t  w i th  th o  b a r iu m  o r  p e r c h l o r a t e  i o n s  
i n  h i s  p r e c i p i t a t i n g  r e a g e n t .  T h is  r e s u l t s  i n  a l o s s  
o f  s e n s i t i v i t y  due to  th e  c o - p r e c i p i t a t i o n  o f  some 
s o lu b le  d e g r a d a t i o n  p r o d u c t s .  Some o f  t h e s e  io n s  may 
a l s o  a c t i v a t e  o r  i n h i b i t  t h e  enzym ic a c t i v i t y ,  and 
i t  i s  e s s e n t i a l  t h a t  t h e s e  two e f f e c t s  sh o u ld  n o t  be 
c o n fu s e d .  F i e r s  p e rfo rm e d  p a r a l l e l  i d e n t i c a l  a s s a y s  
w i th o u t  th o  i n t e r f e r i n g  compound i n  th e  i n c u b a t i o n  
medium. I n  one a s s a y ,  h o w ever ,  th e  i n t e r f e r i n g  
compound was added j u s t  b e f o r e  th e  a d d i t i o n  o f  th e  
p r e c i p i t a n t .  For ex am ple , a s  a r e s u l t  o f  c o - p r e c i p i -  
t a t i o n ,  EDTA gave a p p a r e n t  r e d u c t i o n  o f  t h e  RNase 
a c t i v i t y  t o  79^ o f  th e  c o n t r o l  v a l u e .
Some s a l t s ,  e . g .  MgCl , a p p a r e n t l y  en h an ced  th e  
a c t i v i t y  m easu red ; t h i s ,  F i e r s  c o n c lu d e d ,  was p r o b a b l y  
due t o  t h e  f o r m a t io n  o f  s o lu b le  magnesium o l i g o n u c l e o t i d e
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com plexes . The c o r r e c t i o n  f a c t o r s  may w e l l  v a r y  w i th  
th e  RNase enzyme b e in g  m ea su re d ,  s in c e  t h e  s i z e  a n d  b a se  
c o m p o s i t io n  o f  th e  RNA d e g r a d a t i o n  p r o d u c t  i s  l i k e l y  t o  
v a r y .  The o b se rv e d  a c t i v a t i o n  o f  some RNases b y  
magnesium r e p o r t e d  by  some w o r k e r s ,  e . g . ,  K ap lan  and 
H eppel (1 9 5 6 ) ,  may w e l l  be an a s s a y  a r t i f a c t  s i n c e  t h i s  
com plex ing  e f f e c t  h a s  n o t  b e e n  c o n s id e r e d .  P h o sp h a te  
io n s  re d u c e  th e  a p p a r e n t  RNase a c t i v i t y ,  b u t  t h e  amount 
o f  s o lu b le  RNA d e g r a d a t i o n  p r o d u c t s  c o - p r e c i p i t a t e d  
w i th  Ba(C10if.)2-2“ C e l lo s o lv e  i n  t h e  p r e s e n c e  o f  p h o s p h a te  
i s  n o t  l i n e a r  w i th  th o  p h o sp h a te  c o n c e n t r a t i o n .
T h is  i n d i c a t e s  t h a t  some compounds, e . g . ,  o l i g o n u c l e o ­
t i d e s ,  a re  more l i a b l e  t o  be c o - p r e c i p i t a t o d  th a n  
o t h e r s ,  e . g . ,  m o n o n u c le o t id e s .
S in ce  th e  p r e c i p i t a b i l i t y  o f  d i f f e r e n t  s i z e d  
d i g e s t i o n  p r o d u c t s  i s  a f f e c t e d  by  pH, a s  w e l l  a s  i o n i c  
c o n c e n t r a t i o n ,  Am bellan and H o l l a n d e r  s u g g e s te d  t h a t  
b u f f e r i n g  th e  p r e c i p i t a t i n g  a g e n t  may be a  u s e f u l  
m o d i f i c a t i o n  to  t h e i r  a s s a y  p r o c e d u r e .
The RNA c o n c e n t r a t i o n  and th e  p r e s e n c e  o f  h ig h  
m o le c u la r  w e ig h t  p r o d u c t s  a l s o  a f f e c t s  th e  p r c c i p i t -  
a b i l i t y  o f  RNA d i g e s t i o n  p r o d u c t s .  P r o t e i n s  fo rm  
com plexes w i th  p o l y n u c l e o t i d e s  and F i e r s  (1961) 
s u g g e s te d  t h a t  t h i s  i n t e r a c t i o n  may s e r i o u s l y  i n t e r f e r e  
w i th  th e  RNase a s s a y ,  i f  th e  p r o t e i n  c o n c e n t r a t i o n  i n  
th e  enzyme r e a c t i o n  m ix tu re  e x c e e d s  0 .0 5 $ .  I n  such
c a s e s ,  F i e r s  s u g g e s te d  a b r i e f  h e a t  t r e a t m e n t  b e f o r e  
th e  a ssa y ,  b u t  t h i s  co u ld  l e a d  t o  some l o s s  o f  RNase
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a c t i v i t y .  G e n e r a l l y ,  t h e  s p e c i f i c  a c t i v i t y  o f  RMase 
i n  t i s s u e  f r a c t i o n s  i s  s u f f i c i e n t l y  h ig h  t h a t  such 
i n t e r a c t i o n s  can  he a v o id e d .  ■ VJhon th e  s u b s t r a t e  
c o n c e n t r a t i o n  o r  th e  p r o t e i n  c o n c e n t r a t i o n  i s  v e r y  
low and u n h y d ro ly s e d  RNA i s  d i f f i c u l t  t o  p r e c i p i t a t e ,  
Am bellan and H o l la n d e r  ( 1 9 6 6 , b ) have  s u g g e s te d  th e  
a d d i t i o n  o f  RNA a n d /o r  album en o r  g e l a t i n  a t  t h e  end 
o f  th e  r e a c t i o n .  F i e r s  (1961) h a s  a l s o  s t r e s s e d  th e  
im p o r ta n c e  o f  com ple te  m ix ing  im m e d ia te ly  a p r e c i p i ­
t a t i n g  r e a g e n t  i s  add ed . Some c o - p r e c i p i t a t i o n  o f  
low m o le c u la r  w e ig h t  p r o d u c t s  i s  c e r t a i n  t o  o c c u r  and 
s in c e  no t r u e  e q u i l i b r i u m  e x i s t s  be tw een  th e  l i q u i d  
and s o l i d  p h a s e s ,  im m edia te  m ix ing  i s  e s s e n t i a l  t o  
e n s u re  r e p r o d u c i b l e  r e s u l t s .  T h a t  c o - p r e c i p i t a t i o n  
o c c u r s  h a s  b e e n  shown by  R o th  (1962) who added DNA t o  
RNA d i g e s t s .  The phenomenon was e x t e n s i v e l y  s t u d i e d  
b y  L e p o u tre  e t  a l . ( 1963) .  The amount o f  p r e c i p i t a t e d  
m a t e r i a l  i s  se ldom  c o n s t a n t  s in c e  th e  t i s s u e  b e in g  
a s s a y e d ,  and th e  RNA and p r o t e i n  c o n c e n t r a t i o n s  v a r y  
ov e r  wide l i m i t s .  As L e p o u tre  h a s  p o i n t e d  o u t ,  
many r e p o r t s  o f  s u b s t r a t e  i n h i b i t i o n  may n o t  i n  f a c t  
r e p r e s e n t  i n h i b i t i o n ,  b u t  an i n c r e a s e d  c o - p r e c i p i t a t i o n  
o f  RNA breakdow n p r o d u c t s  a s  th e  RNA c o n c e n t r a t i o n  i s  
i n c r e a s e d ,  e . g . ,  Dickman and R ing  (1 9 5 6 ) .
S e v e ra l  t u r b i d i m o t r i e  p r o c e d u r e s  have  b e en  
d e s c r ib e d  f o r  th o  e s t i m a t i o n  o f  RNase a c t i v i t y  and a l l  
a re  b a se d  on th o  d i r e c t  c o r r e l a t i o n  b e tw een  th e  
m o le c u la r  w e ig h t  o f  th o  RNA s u b s t r a t e  and d e g r a d a t i o n
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p r o d u c t s ,  and t h e i r  pow ers  o f  fo rm in g  l i g h t - a h s o r b i n g  
s u s p e n s io n s  w i th  p r e c i p i t a t i n g  r e a g e n t s .  The l i g h t -  
a b s o rb in g  power o f  th e  e n z y m e - s u b s t r a t e  s o l u t i o n  p l u s  
th e  p r e c i p i t a n t  d e c r e a s e s  a s  th e  RNA i s  d e g ra d e d .
The a s s a y  method h a s  b e en  u s e d  b y  a number o f  w o r k e r s ,  
and was exam ined c r i t i c a l l y  b y  A l t e s c u  (1 9 6 k ) .
A l to s c u  u s e d  neom ycin  as  a p r e c i p i t a t i n g  a g e n t  and 
c la im e d  t h a t  h i s  method c o u ld  be u se d  w i th  c ru d e  
e x t r a c t s ,  b lo o d  serum o r c h ro m a to g ra p h ic  f r a c t i o n s ,  
s in c e  e x t r a n e o u s  p r o t e i n  d id  n o t  i n t e r f e r e  w i th  t h e  
r e a c t i o n  b e tw een  RNA and neom ycin . Tho p r e c i p i t a t i o n  
w as, how ever ,  i n f lu e n c e d  b y  th e  r e l a t i v e  c o n c e n t r a t i o n  
o f  th e  r e a c t a n t s ,  tho  o r i g i n a l  m o le c u la r  w e ig h t  o f  th e  
s u b s t r a t e  p r e p a r a t i o n  and th o  ty p o  and c o n c e n t r a t i o n  
o f  i o n s  p r e s e n t .  Tho m ethod a p p e a rs  t o  have  no 
s p e c i a l  a d v a n ta g e  o ve r  t h e  m easurem ent o f  a b so rb e n c e  
o f  a c i d - s o l u b l e  p r o d u c t s  a t  260nm.
Lewis and Gamble ( 1969) r o u t i n e l y  u s e d  TCA as  
th e  p r e c i p i t a t i n g  a g e n t  i n  RNase a s s a y s .  TCA ( s e e  
above) h a s  c e r t a i n  d i s a d v a n ta g e s  as  a p r e c i p i t a n t  
and Lewis and Gamble foun d  i t  u n s u i t a b l e  when p o l y  U 
was u se d  as  s u b s t r a t e ,  i n  w hich  c a se  t h e  i n c u b a t i o n  
was s to p p e d  w i th  s a t u r a t e d  (NH^^SO^. They d id  n o t ,  
how ev er ,  r e p o r t  th e  r e a s o n s  f o r  ch o o s in g  t h i s  r e a g e n t  
n o r  r e p o r t  any a d v a n ta g e s  i t  may have  over o t h e r  
r e a g e n t s  more commonly u se d  i n  RNase a s s a y s .
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i i /  B u f f e r
T is s u e  RNases re s p o n d  d i f f e r e n t l y  i n  th e  p re s e n c e  
o f  v a r i o u s  b u f f e r s  and o n ly  an e x te n s iv e  c o m p a ra t iv e  
s tu d y  can  g iv e  an i n d i c a t i o n  o f  th e  m ost e f f e c t i v e  
b u f f e r  and a s s a y  c o n d i t i o n s  f o r  a p a r t i c u l a r  enzyme.
A few a r b i t r a r y  exam ples o f  th e  b u f f e r s  t h a t  have  
b e en  u s e d  i n  RNase a s s a y s  a re s  a r s e n a t e - b o r a t e -  
c a c o d y la te  (do Lam irande and A l l a r d ,  1959)5 a c e t a t e  
(Rahman, Corny and P e r a i n o ,  1 9 6 9 ) ,  T r i s - a c e t a t e  and 
T r i s - a c e t a t o - p h o s p h a t e  m ix tu r e s  (B eard  and R a z z e l l ,
196k ) , h i s t i d i n e  (R e id  and N odes, 1959)> v e r o n a l -  
a c e t a t e  ( C h a k ra v o r ty  and B usch , 1967)5 g l y c i n e  
(Zimmerman and S andeen , 1965)5 T r is -H C l and 3 ,3 - d i m e th y l -  
g l u t a r a t e  (R e id  e t  a l . , 196k ) . I t  i s  p o s s i b l e  t h a t  
v a r i a t i o n  i n  b u f f e r  and i o n i c  s t r e n g t h  i n  t h e  a s s a y
medium may i n  p a r t  a c c o u n t  f o r  th e  a p p a r e n t  d i s c r e p -----
a n c i e s  i n  th e  optimum pH v a lu e s  r e p o r t e d  b y  d i f f e r e n t  
g ro u p s  o f  w o rk e rs  i n v e s t i g a t i n g  a p p a r e n t l y  i d e n t i c a l  
sy s te m s;  f o r  exam ple , d i s c r e p a n t  pH op tim a  f o r  r a t  
l i v e r  n u c l e a r  RNases have  b e e n  r e p o r t e d  b y  th e  R e id  
and S i e b e r t  l a b o r a t o r i e s  ( s e e  T ab le  1 ,2  and s e c t i o n  
3 ( v ) , n u c l e a r  f r a c t i o n ) .
A b u f f e r  w i th  a wide pH ra n g e  i s  d e s i r a b l e  i n  
some a s s a y s  whore a c id  and a l k a l i n e  l e v e l s  o f  a c t i v i t y  
a re  t o  be com pared. S ince  th e  b u f f e r i n g  c a p a c i t y  may 
n o t  be c o n s t a n t  o ver th o  whole pH r a n g e ,  i t  i s  a d v i s a b l e  
t o  check  th e  pH o f  th e  co m p le te  i n c u b a t i o n  m ix tu r e .  
S i m i l a r l y ,  b u f f e r  pH sh o u ld  be m easured  a t  t h e
i n c u b a t i o n  to m p o ra tu ro  ; th o  pH o f  T r is -H C l  b u f f e r ,  
f o r  i n s t a n c e 3 v a r i e s  w i th  t o m p o r a tu r o •
Tho i o n i c  s t r e n g t h  o f  th e  a s s a y  medium h a s  an 
a p p r e c i a b l e  e f f e c t  on th e  a c t i v i t i e s  o f  v a r i o u s  RNases 
and a l s o  on th e  c o n fo rm a tio n  o f  RNA; f o r  oxam ple, 
Dickman and R ing  (1958) showed t h a t  th o  i n h i b i t i o n  
o f  th e  PDase a c t i v i t y  o f  c r y s t a l l i n e  b o v in e  p a n c r e a t i c  
RNase, by  e x c e s s  RNA a t  pH 5»0j  was d e c r e a s e d  o r  
p r e v e n te d  b y  i n c r e a s i n g  th e  i o n i c  s t r e n g t h  o f  t h e  
medium. Dickman, A ro sk ar  and K ropf (1958) d e s c r i b e d  
wide changes  i n  th e  a c t i v i t y  l e v e l s  o f  p a n c r e a t i c  
RNase w i th  ch anges  i n  NaCl c o n c e n t r a t i o n ,  and i n  
s i m i l a r  s t u d i e s  R o th  (1957) i n v e s t i g a t e d  t h e  e f f e c t  
011 k id n e y  and l i v e r  RN ases. For most mammalian 
R N ases , i t  seems t h a t  t h e s a l t  a n d /o r  b u f f e r  co n cen ­
t r a t i o n  sh o u ld  be k e p t  i n  th e  ra n g e  o f  0 .0 5  o r  0.1M 
(R o th ,  1 9 6 7 ) .
K a l n i t s k y  e t  a l . ( 1959) i n v e s t i g a t e d  th e  e f f e c t  
o f  p h o sp h a te  io n s  011 b o v in e  p a n c r e a t i c  RNase and showed 
t h a t ,  a t  h ig h  c o n c e n t r a t i o n s ,  th e  enzyme a c t i v i t y  was 
i n h i b i t e d  and tho  a c t i v i t y  pH optimum s h i f t e d  t o  a 
more a c i d i c  va lue ,.  A s i m i l a r  s h i f t  i n  pH optimum 
was r e p o r t e d  f o r  p e a  l e a f  RNase w i th  i n c r e a s e d  c a t i o n  
c o n c e n t r a t i o n s  (H olden  and P i r i e ,  1955)•
The e f f e c t  o f  v a r i o u s  b u f f e r s  011 th e  a c id  and 
a l k a l i n e  a c t i v i t i e s  o f  r a t  l i v e r  hom ogenate  was 
i n v e s t i g a t e d  by  R oth  (1 9 5 7 )•  T r is -H C l b u f f e r  gave 
r e a s o n a b le  a l k a l i n e  a c t i v i t i e s  and v e r o n a l  a c e t a t e
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gave th e  h i g h e s t  r e a d i n g s  i n  b o th  t h e  a c id  and a l k a l i n e  
r a n g e s .  P h o s p h a te ,  a r s e n a t e - b o r a t e - c a e o d y l a t o  and 
c i t r a t e  b u f f e r s  B o th  r e p o r t e d  l e s s  e f f e c t i v e .  B ic h e l  
and R o th  (1962) a l s o  foun d  t h a t ,  o f  t h e s e  b u f f e r s ,  
v e r o n a l  a c e t a t e  was th e  most s u i t a b l e  f o r  a s s a y in g  
r a t  s p le e n  RNase. Maver and Greco (1962) have  u s e d  
m e th y l  a r s e n a t e  b u f f e r  i n  RNase a s s a y s .  T h is  b u f f e r  
h a s  a wide pH ra n g e  and was p a r t i c u l a r l y  u s e f u l  i n  
a s s a y s  o f  low  RNase a c t i v i t y ,  r e q u i r i n g  a lo n g  in c u b ­
a t i o n  p e r i o d ,  s in c e  i t  p r e v e n te d  b a c t e r i a l  g ro w th .  
However, th o  b u f f e r  had  an a p p r e c i a b l e  a b so rb e n c e  
a t  260nm and was p o o r l y  e f f e c t i v e  w i th  some RN ases, 
e . g . ,  s p le e n  m i to c h o n d r i a l  RNase ( E ic h e l  and R o th ,  
1962).
i i i  S u b s t r a t e
RNases a re  u s u a l l y  a s sa y e d  d i r e c t l y  with, an 
exogenous RNA s u b s t r a t e .  The so u rc e  and p u r i t y  o f  
t h i s  RNA v a r i e s  w id e ly  b e tw een  d i f f e r e n t  w o r k e r s .  
Endogenous RNA may a l s o  bo u s e d  as  s u b s t r a t e ,  e . g . ,  
do L am iran d e , B o i l e a u  and M ora is  (1 9 6 6 ) .  The 
c o n c e n t r a t i o n  o f  RNA i n  th e  a s s a y  medium i s  u s u a l l y  
be tw een  0 .0 5  and 0 .2 5$  RNA.
Many w o rk e rs  p r e f e r  t o  p r e p a r e  th e  s u b s t r a t e  f o r  
r o u t i n e  a s s a y s  by  p u r i f y i n g  i n  b u lk  a c o m p a r a t iv e ly  
cheap com m erc ia l  p r o d u c t ,  u s in g  one o f  a number o f  
s t a n d a r d  p r o c e d u r e s ,  e . g .  t h a t  o f  C r e s t f i e l d ,  Sm ith  
and A l le n  (1955) o r  o f  K irb y  ( 1 9 5 6 ) ,  r a t h e r  t h a n  u se
an e x p e n s iv e  com m erc ia l p r e p a r a t i o n  o r  p e r fo rm  th e  
l a b o r i o u s  work o f  s e p a r a t i n g  RNA on a l a r g e  s c a l e  from  
whole t i s s u e .  A p ro lo n g e d  d i a l y s i s  a g a i n s t  EDTA i s  
r e q u i r e d  t o  remove m e ta l  io n  c o n ta m in a t io n ,  o f t e n  v e r y  
h ig h  i n  com m erc ia l  RNA p r e p a r a t i o n s ,  f o r  h e av y  m e ta l  
i o n s  such  a s  Zn++ and Cu+ r have b een  r e p o r t e d  t o  
i n t e r f e r e  w i th  RNase a s s a y s  and t o  d e s t r o y  RNase 
i n h i b i t o r  (W ojnar and R o th ,  196lO , and l e a d  s a l t s  
r a p i d l y  d e g ra d e  RNA and r e n d e r  i t  a c i d - s o l u b l e  ( B r i t t e n ,  
1 9 6 2 ) .  However, as  some RNases show a s p e c i f i c  
r e q u i r e m e n t  f o r  m e ta l  i o n s ,  th e  p re s e n c e  o f  EDTA i n  
th e  s u b s t r a t e  may cau se  i n h i b i t i o n .  A l t e r n a t i v e l y ,  
t h e r e  may bo an a p p a r e n t  i n h i b i t i o n  b e c a u se  o f  th e  
d e c r e a s e d  o l i g o n u c l e o t i d e  s o l u b i l i t y  ( s e e  a b o v e ) .
The a s s a y  medium may th u s  r e q u i r e  th e  f u r t h e r  a d d i t i o n  
o f  e x c e s s  m e ta l  i o n  a c t i v a t o r s  (A n f in se n  and W h ite ,
1 9 6 1 ) .  T h is  can  be overcome by  f u r t h e r  d i a l y s i s  o f  
th e  RNA p r e p a r a t i o n  a g a i n s t  d i s t i l l e d  w a te r  t o  remove, 
th o  EDTA.
F i e r s  ( I 96I )  r e p o r t e d  t h a t  t h e  p r o p e r t i e s  o f  an
RNA s o l u t i o n  w i th  r e s p e c t  t o  i t s  p r e c i p t a b i l i t y  were
a f u n c t i o n  o f  i t s  m o le c u la r  d i s p e r s i o n .  A f r e s h l y -
p r e p a r e d  s o l u t i o n  showed c o n s i d e r a b le  chang es  i n  i t s
d e g re e  o f  m o le c u la r  a g g r e g a t io n  d u r in g  2b  h o u r s  s t o r a g e  
o
a t  2 , b u t  f u r t h e r  a l t e r a t i o n s  were s m a l l .  T here  
was no f u r t h e r  change i n  th e  m o le c u la r  a g g r e g a t i o n  
a f t e r  s t o r a g e  i n  th e  f r o z e n  s t a t e ,  p r o v id e d  t h a t  
t h e  s u b s t r a t e  was o n ly  thaw ed o n ce . R o th  ( 1 967)
r e p o r t e d  t h a t  RNA s u b s t r a t e  s o l u t i o n s  c o u ld  be sa fe ly -  
s t o r e d  f r o z e n 9 and t h a t  r e p e a t e d  th aw in g  c au se d  no  
s i g n i f i c a n t  h y d r o l y s i s .  He s u g g e s t e d ,  h o w e v e r , t h a t  
th e  s u b s t r a t e  s o l u t i o n  sh o u ld  be s t o r e d  i n  a l i q u o t s ,  
which may be  thaw ed when r e q u i r e d ,  t h e  e x c e s s  b e in g  
d i s c a r d e d ,  t h u s  a v o id in g  any chance  o f  c o n ta m in a t io n  
o f  th e  s to c k  s o l u t i o n .
RNA i s  s u b j e c t  t o  d e g r a d a t i o n  b y  th e  whole r a n g e ' 
o f  n u c l e o l y t i c  enzymes i n  a t i s s u e  and , a s  R a z z o l l  
( 1961 ) h a s  p o i n t e d  o u t ,  o l i g o n u c l e o t i d e s  i n i t i a l l y  
r e l e a s e d  b y  n u c l e a s e s  may be f u r t h e r  d e g ra d e d  by  
t i s s u e  PD ases . T hus, s in c e  P h a se s  have  been  d i s c o v e r e d  
i n  m ost an im a l  t i s s u e s ,  many o f  th e  e a r l i e r  q u a n t i t a t i v e  
e s t i m a t i o n s  o f  n u c le a s e  a c t i v i t i e s  a re  u n r e l i a b l e . 
A lthough  th e  c o n t r o l  o f  pH and i o n i c  s t r e n g t h ,  or 
th e  u se  o f  a c t i v a t o r s  and i n h i b i t o r s ,  may i n c r e a s e  
th e  s p e c i f i c i t y  o f  th e  a s s a y ,  o th e r  s u b s t r a t e s .  Which 
a p p ea r  t o  be a t t a c k e d  by  o n ly  a few o f  th e  enzymes 
w hich  d eg rad e  RNA, have b e e n  d e s c r i b e d  i n  th e  l i t e r ­
a t u r e .  These a r e ,  how ev er ,  u s u a l l y  u se d  as a means 
o f  d e te rm in g  an en zy m e 's  s p e c i f i c i t y  r a t h e r  t h a n  a s  
a s u b s t r a t e  f o r  a r o u t i n e  RNase a s s a y .  Examples o f  
such s u b s t r a t e s  a re  n u c le o s id e  d e r i v a t i v e s ,  s im p le  
o l i g o n u c l e o t i d e s  and s y n t h e t i c  n u c l e o t i d e  e s t e r s .
T hejm ethods o f  f o l lo w in g  th e  enzyme r e a c t i o n ,  o r  o f  
s to p p in g  th e  r e a c t i o n  and a n a ly s in g  th e  p r o d u c t s  
w i l l  bo sum m arised e ls e w h e re .  However, a number 
o f  f u r t h e r  s u b s t r a t e s  have b e e n  u se d  i n  t h e  g e n e r a l
a s s a y  p ro c e d u re  d e s c r i b e d  ab ove .
'C o r e 1 RNA was u se d  b y  Hilmoe ( i 960 ) a s  a s u b s t r a t e  
f o r  l i v e r  a c id  RNase. I t  w as , b y  d e f i n i t i o n ,  
r e s i s t a n t  t o  f u r t h e r  a t t a c k  by  b o v in e  p a n c r e a t i c  
RNase, s u p p o s e d ly  r e s i s t a n t  t o  l i v e r  a l k a l i n e  RNase, 
b u t  n o t ,  how ever ,  t o  a c id  PD aso; i n  f a c t ,  H eppel and 
Hilmoe (1 9 ?? )  e a r l i e r  u se d  ! c o r e T RNA a s  a s u b s t r a t e  
f o r  s p l e e n  a c id  PDase. Hilmoe r e p o r t e d  t h a t  th e  
u n h y d ro ly s e d  s u b s t r a t e  was r e a d i l y  p r e c i p i t a t e d  w i th  
PCA and u r a n y l  a c e t a t e 5 t h i s  i s  s u r p r i s i n g ,  i n  v iew  
o f  th e  f i n d i n g s  r e p o r t e d  e ls e w h e re  i n  t h i s  t h e s i s  on 
th o  s i z e  o f  o l i g o n u c l e o t i d e s  r e m a in in g  i n  a c id  s o l u t i o n  
( s e e  C h a p te r  3 ) .  Neu and H eppel (X96*f, a) f o l lo w in g  
Spa.hr and S c h le s  s in g e r  ( 1963 ) ,  d e l i b e r a t e l y  u s e d  
t r a n s f e r  RNA as  s u b s t r a t e  when i n v e s t i g a t i n g  E . c o l i  
RNase. Under th e  c o n d i t i o n s  u s e d ,  t h i s  RNA was n o t  
a t t a c k e d  by  PDase o r  p o l y n u c l e o t i d e  p h o s p h o r y l a s e . 
H e p p e l ,  O r t i z  and Ochoa (1957) o b se rv e d  th e  h ig h  
s e n s i t i v i t y  o f  p o ly  C (and  p o ly  U) t o  b o v in e  p a n c r e a t i c  
RNase and , s u b s e q u e n t ly ,  Zimmerman and Sandoen (1965) 
d e s c r ib e d  an a s s a y  p ro c e d u re  f o r  p a n c r e a t i c  RNase 
b a se d  on th e  r e l e a s e  o f  a c id  s o lu b le  p r o d u c t s  from  
p o ly  C. The a s s a y  c o u ld  d e t e c t  lO'-f^g enzyme -  a 
s e n s i t i v i t y  com parab le  w i th  any o th e r  a s s a y  r e p o r t e d  
t o  d a t e .  Under th e  r o u t i n e  a s s a y  c o n d i t i o n s ,  
p a n c r e a t i c  RNase r e l e a s e d  a c i d - s o l u b l e  p r o d u c t s  
from  p o ly  A, p o ly  U and s o lu b l e  RNA a t  r a t e s  o f  
0 .0 1 ,  2 a n d .15$ r e s p e c t i v e l y  o f  th e  r a t e  o f  p o l y  C -
a r e s u l t  c o n f i rm e d  by  R a z z e l l  (1963)*  R a t  l i v e r  
m i to c h o n d r i a l  RNase, how ever ,  h y d r o ly s e s  p o ly  C and 
p o ly  U a t  o n ly  o n e - f i f t h  o f  t h e  r a t e  w i th  RNA (B eard  
and R a z z o l l ,  196*+). A 5 !R^a s e ,  w hich  h y d ro ly s e d  
p o ly  A, was r e p o r t e d  t o  bo i n  g u in e a  p ig  l i v e r  by  
H eppel,. O r t i z  and Ochoa (1 9 5 6 ) .  A s i m i l a r  enzyme, 
w hich  was l i k e w i s e  r e a d i l y  a s s a y e d  u s in g  p o ly  A as  
s u b s t r a t e ,  was d e s c r i b e d  i n  r a t  l i v e r  by  M o ra ls ,  
B l a c k s t e i n  and do Lam irande ( 1967) .  H om opolyribo­
n u c l e o t i d e s  a r e ,  how ever, o f  g r e a t e s t  u se  i f  th e  c h a in  
l e n g t h  o f  d i g e s t i o n  p r o d u c t s  i s  t o  be s t u d i e d ,  s in c e  
th o  o l i g o n u c l e o t i d e  p r o d u c t s  a re  more r e a d i l y  s e p a r a t e d  
by  s i z e  th a n  th o s e  c o n ta in i n g  a m ix tu re  o f  b a s e s .
i v  S ta n d ard. ..RNase, ..so l u t i o n  
Bovine p a n c r e a t i c  RNase i s  n o r m a l ly  u se d  f o r  
RNase s t a n d a r d s .  S ta n d a rd  RNase s o l u t i o n  may be made 
up i n  b u lk  i n  0 .1 $  g e l a t i n  and s t o r e d  i n  a l i q u o t s  
i n  th e  f r o z e n  s t a t e ,  t o  bo thaw ed and d i l u t e d  w i th  
0.1;'.? g e l a t i n  as r e q u i r e d .  The p r e s e n c e  o f  a d d i t i o n a l  
p r o t e i n  i s  n e c e s s a r y  t o  p r e s e r v e  RNase a c t i v i t y ,  
e s p e c i a l l y  a t  h ig h  d i l u t i o n s  o f  RNase. G e l a t i n  i s  
p r e f e r a b l e  t o  serum a lbum in  s in c e  i t  may be o b ta in e d  
e s s e n t i a l l y  f r e e  o f  RNase a c t i v i t y .  R o th  ( 1967 ) 
s u g g e s t s  t h a t  a s t a n d a r d  enzyme sample c o n ta in i n g  
0 .0 1 5  *jZ p a n c r e a t i c  RNase ( i n  a ono ml r e a c t i o n  
m ix tu re )  sh o u ld  bo ru n  w i th  e ac h  a s s a y .
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Mundry (1965) d e s c r i b e d  an au to m atad  method f o r  
tho  c o n t in u o u s  d e t e r m i n a t i o n  o f  RNase a c t i v i t y  i n  
e f f l u e n t  o f  c h ro m a to g ra p h ic  co lum ns, and B a r r e r a ,
Chio and T ap p e l (1969) d e s c r i b e d  an au to m ated  RNase 
a s s a y  sy s tem  b a s e d  on th e  q u a n t i t a t i v e  d e t e r m i n a t i o n  
o f  th o  a b so rb e n c e  a t  260nm o f  th o  d i a l y s a b l o  h y d r o l y s i s  
p r o d u c t s  o f  RNA. Tho sys tem  u se d  1 A u to A n a ly se r1 
(T ec h n ic o n  I n s t r u m e n t  Co. )  equ ip m en t and d i f f e r s  from  
th e  m anual a s s a y  o n ly  i n  th o  u se  o f  a d i a l y s e r  r a t h e r  
t h a n  a p r e c i p i t a t i n g  a g e n t  t o  s e p a r a t e  t h e  r e a c t i o n  
p r o d u c t s .  In  o r d e r  t o  i n v e s t i g a t e  th e  sy s tem s  p a r a ­
m e te r s  a l i n e a r  g r a d i e n t  d e v ic e  was u se d  t o  s u p p ly  a 
t i m e - v a r i a b l e  c o n c e n t r a t i o n  o f  RNase o r  s u b s t r a t e .
v i  RNase i n h i b i t o r  a s s a y  ________ _______
A ssay m ethods f o r  RNase i n h i b i t o r  have  boen  
p u b l i s h e d  by  R o th  (1956) and Shortm an (1 9 6 1 ) .  These 
a re  b a s e d  on th e  p e r c e n ta g e  i n h i b i t i o n  o f  added b o v in e  
p a n c r e a t i c  RNase by  th e  i n h i b i t o r .  Shortm an 
d e v is e d  a s c a l e  o f  i n h i b i t i o n s  one u n i t  o f  i n h i b i t o r  
a c t i v i t y  was d e f in e d  as t h a t  w hich  gave $0% i n h i b i t i o n  
o f  0 . 005yg c r y s t a l l i n e  p a n c r e a t i c  RNase, u n d e r  
S hortm an1s - p a r t i c u l a r  a s s a y  c o n d i t i o n s .  B o th  a u th o r s  
have p u b l i s h e d  g ra p h s  o f  i n h i b i t o r  c o n c e n t r a t i o n  
a g a i n s t  p e rc e n ta g e  i n h i b i t i o n .  The r e a c t i o n  i s  non ­
l i n e a r ,  w hich  makes th o  d e t e r m i n a t i o n  o f  i n h i b i t o r  
u n i t s ,  and com parison  be tw eon  t i s s u e s ,  d i f f i c u l t .
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However, B o th  (1958) d e v is e d  s t a n d a r d  c u rv e s  so t h a t  
i n h i b i t o r  c o n c e n t r a t i o n  may be c a l c u l a t e d  d i r e c t l y  
from  e x p e r im e n ta l  r e s u l t s .  C o r r e c t i o n  m ust be made 
f o r  R N a s e - in h i b i t o r  complex and f r e e  RNase a l r e a d y  
p r e s e n t  i n  th o  t e s t  sam p le . T h is  i s  u s u a l l y  done 
b y ■i n a c t i v a t i n g  th o  i n h i b i t o r  e i t h e r  w i th  s u l f h y d r y l  
r e a g e n t ,  such  as  pCMB, o r  w i th  h eav y  m e ta l  i o n s ,  o r  b y  
h e a t .
B Other  m ethods b a s e d  on th e  s p l i t t i n g  o f
Moleman, van  Montagu and F i e r s  (1968) d e v is e d  an 
a s s a y  sy s tem  f o r  c e r t a i n  s p e c i f i c  RNase a c t i v i t i e s
lo ­
u s in g  C - l a b e l l e d  b e n z y l  e s t e r s  o f  a 3 ' r i b o n u c l e o t i d e .
lL
A f t e r  th e  enzym ic r e a c t i o n ,  th e  r e l e a s e d  C - b e n z y l  
a l c o h o l  i s  e x t r a c t e d  w i th  t o lu e n e  and th e  r a d i o a c t i v i t y  
i s  m easured  b y  s c i n t i l l a t i o n  c o u n t i n g . — The m ethod 
h a s  b e en  u s e d  t o  d e t e c t  c o n ta m in a t in g  n u c le a s e  
a c t i v i t i e s  i n  b o v in e  p a n c r e a t i c  RNase p r e p a r a t i o n s ,  
w hich  a re  s p e c i f i c  f o r  3 ‘u r i d y l i c  a c i d  and 3 ’~ c y t i y l i c  
a c i d .  In  t h i s  ty p e  o f  a s s a y  i t  i s  n o t  im p o r t a n t  
w h e th e r  t h e  enzyme p ro d u c e s  2 1, 3 1 c y c l i c  p h o s p h o d io s t e r  
i n t e r m e d i a t e s  o r  n o t .  I t  seems p r o b a b l e ,  h o w ev er ,  
t h a t  t h e s e  e s t e r s  a re  v e r y  s e n s i t i v e  t o  PDase a c t i v i t y ,  
a s  a re  o th e r  s im p le  n u c l e o t i d e  e s t e r s ,  e . g . ,  
p - n i t r o p h o n y l  e s t e r s  o f  th y m id y l ic  a c id  ( R a z z e l l  and 
K horana , 1959)* T h is  was n o t  i n v e s t i g a t e d  b y  Moleman 
e t  a l . I p a t a  and F e l i c i o l i  (19-68) have  p u b l i s h e d  
a s p e c t r o p h o to m o t r i c  method f o r  f o l lo w in g  th e  h y d r o l y s i s
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o f  c y t i d y l y l - 3 1t J ’a d eh o s in o  (CpA) and u r i d y l y l ~ 3 1, 5 !~ 
a d e n o s in e  (UpA) b y  m ea su r in g  th e  r o l e a s o d  a d e n o s in e  
s p e c t r o p h o t o m e t r i c a l l y ,  a t  2 6 5 n s ,  a f t e r  d e a m in a t io n  
b y  an e x c e s s  o f  a d e n o s in e  deam inase  i n  t h e  i n c u b a t i o n  
medium. The a s s a y  i s  r a p i d  and a c c u r a t e  and t h e  
a u th o r s  s u g g e s t  th e  method may be o f  u se  i n  RKaso 
s p e c i f i c i t y  s t u d i e s .  I n  p r i n c i p l e ,  th e  method c o u ld  
be u se d  w i th  o t h e r  d i n u c l e o s i d e - p h o s p h a t e s .
(IV) As s a y  m ethods b a s e d  on th e  c y c l i c  p h o s p h a ta s e  
a c t i v i t y  o f  RNase
Tho h y d r o l y s i s  o f  a c y c l i c  n u c l e o s i d e  2 * , 3 I-  
monohydrogen p h o sp h a te  by  RNase y i e l d s  th e  c o r r e s p o n d in g  
n u c le o s i d e  d ih y d ro g o n  p h o s p h a te .  Tho d ih y d ro g e n  
p h o sp h a te  g roup  d i s s o c i a t e s  i n  n e u t r a l  o r  w eak ly  
a l k a l i n e  s o l u t i o n  and th o  h y d ro g en  io n s  a r e  r e a d i l y  
t i t r a t a b l e  w i th  a l k a l i .  The pK v a lu e  i s  a b o u t  6#3,  
so  th e  method i s  n o t  a p p l i c a b l e  f o r  a c id  pH v a lu e s  
when th e  p h o s p h o ry l  g ro u p s  a re  n o t  f u l l y  d i s s o c i a t e d  
( J o s e f s s o n  and L a g e r s t e d t ,  1 9 6 2 ) .  Tho method i s  n o t  
p a r t i c u l a r l y  s e n s i t i v e  b u t  i s  s im p le  and may bo u s e d  
w i th  a v a r i e t y  o f  s u b s t r a t e s  (RNA o r  d e g r a d a t i o n  
p r o d u c t s ) .  A number o f  w o rk e rs  have  u s e d  t h i s  a s s a y  
p r o c e d u r e ,  e . g . ,  Hummel, F l o r e s  and N e lso n  ( 1 9 5 8 ) ,  
G und lach , S t e i n  and Moore (1 9 5 9 ) .  The t i t r i m e t r i c  
m ethod , h ow ev er ,  s u f f e r s  from  th e  d i s a d v a n ta g e  t h a t  
th o  i o n i c  s t r e n g t h  o f  th e  i n c u b a t i o n  medium i s  
c o n t in u o u s ly  ch an g in g  d u r in g  th o  a s s a y .
R ic h a rd s  (1 9 ?? )  f i r s t  d e s c r i b e d  a s p e c t r o p h o to -  
m o tr ic  a s s a y  u s in g  ammonium u r i d i n e  2 1, 3 ‘-p h o s p h a te  
as  th e  s u b s t r a t e .  The m ethod was b a s e d  on th e  
s p e c t r a l  c h a n g e ,  w hich  o c c u r s  when th e  c y c l i c  p h o s p h a te  
i s  h y d r o ly s e d  t o  t h e  n u c le o s i d e  d ih y d ro g e n  p h o s p h a te ;  
m easurem ents  were t a k e n  a t  280nm. The p ro c e d u re  was 
f u r t h e r  d e v e lo p e d  b y  Crook, M a th ia s  and R a b in  ( I9 6 0 )  
u s in g  e y t i d i n e  2 * , 3 1-p h o s p h a te  w i th  p a n c r e a t i c  RNase. 
However, t h e  h ig h  e x t i n c t i o n  c o e f f i c i e n t s  o f  th e  
s u b s t r a t e  and p r o d u c t  l i m i t  t h e  ra n g e  o f  s u b s t r a t e  
c o n c e n t r a t i o n s  o ve r  w hich  t h i s  ty p e  o f  a s s a y  can  be 
p e r fo rm e d .  S p e r l in g  and S t e in b e r g  (1968) have 
d e s c r ib e d  a p o l a r i m e t r i c  method f o r  m easu r in g  th e  
h y d r o l y s i s  o f  c y c l i c  n u c l e o t i d e s ,  d epend in g  on th e  
change i n  o p t i c a l  r o t a t i o n  d u r in g  h y d r o l y s i s  o f  
e y t i d i n e  c y c l i c  p h o sp h a te  t o  c y t i d y l i c  a c i d . Thi s 
i s  l i n e a r  o v e r  a wide ra n g e  o f  s u b s t r a t e  and enzyme 
c o n c e n t r a t i o n s .
There a r e ,  how ever ,  a number o f  l i m i t a t i o n s  i n  th e  
u se  o f  n u c le o s i d e  2 ! , 3 1- p h o s p h a te s  a s  RNase s u b s t r a t e s .  
C y c l ic  n u c l e o t i d e s  may bo s u s c e p t i b l e  t o  d e g r a d a t i o n  
by  2 f , 3 1- n u c l e o t i d e  PDase (Drummond and l y e s ,  1 9 6 2 ) ,  
and many R N ases, e . g . ,  r a t  l i v e r  a l k a l i n e  RNase, may 
have d i f f e r e n t  m echanisms o f  a c t i o n  and do n o t  s p l i t  
n u c l e o s i d e  2 ’ ,3 * - p h o s p h a te s .
I t  i s  e a s i e r ,  when d e te r m in in g  th e  s p e c i f i c i t y  
o f  an RNase t o  f o l lo w  th e  breakdow n o f  s im p le  n u c l e o ­
t i d e  d e r i v a t i v e s  t h a n  t o  a n a ly s e  th e  breakdow n p r o d u c t s
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o f  RNA* T here  a ro  th u s  many s t u d i o s  on th e  h y d r o l y s i s  
o f  n u c le o s id o  2 ! ,3 * - p h o s p h a t e s ,  d i n u c l o o t i d o s  and sm a l l  
o l i g o n u c l e o t i d e s ,  w hich  may r e a d i l y  bo a d a p te d  t o  g iv e  
q u a n t i t a t i v e  a s s a y s .  The basis* e£  tf iese  m ethods i s  
th e  s e p a r a t i o n  anr* o o i l o c t i o n  o f  d i g e s t i o n  p r o d u c t s  
f ro m . secon d  and t h i r d  s t a g e s  o f  RNase a c t i o n  and
t h e i r  q u a n t i t a t i v e  and q u a l i t a t i v e  a n a l y s i s .  F o r .  
e xam p le , n u c l e o s i d e . c y c l i c  p h o sp h a te  h y d r o l y s i s  h a s  
b e en  f o l lo w e d  by p a p e r  e l e c t r o p h o r e s i s  b y  J o s o f s s o n  
and L a g e r s t e d t  (1 9 6 2 ) ,  w h i le  a p a p e r  c h ro m a to g ra p h ic  
t e c h n iq u e  f o r  s e p a r a t i n g  c y c l i c  m o n o n u c le o t id e s  
a c c o rd in g  t o  t h e i r  b a se  m o ie ty ,  and f o r  i d e n t i f y i n g  
th o  c o r re s p o n d in g  m o no nuc leos ide  2* o r  3*- p h o s p h a te  
was d e v e lo p e d  b y  Nodes (1959) and R e id  and Nodes 
(1959) f o r  s p e c i f i c i t y  s t u d i e s  on r a t  l i v e r  R N ases.
A v e r y  s e n s i t i v e  t h i n - 1 a y e r  c h ro m a to g ra p h ic  to c h n iq u e __
f o r  a s s a y in g  RNase was d e v e lo p e d  b y  J o s e f s s o n  and 
L a g e r s t e d t  (1963) u s in g  e y t i d i n e  2 1, 3 ’- p h o s p h a t e ,  
w hich  g iv e s  e y t i d i n e  3 1-p h o s p h a te  a s  t h e  s o l e  p r o d u c t  
when a t t a c k e d  by  p a n c r e a t i c  RNase.
( V) AsSav m ethods f o r  e x o n u c le a s e  a c t i v i t y
I t  i s  much e a s i e r  t o  f i n d  s p e c i f i c  s u b s t r a t e s  
f o r  e x o n u c le a s e s  t h a n  f o r  e n d o n u c le a s e s .  H eppel 
and Hilmoe (1955) a s s a y e d  s p l e e n  PDase a c t i v i t y  by  
u s in g  ’ core* RNA a s  s u b s t r a t e  and m ea su r in g  th e  a c i d -  
s o lu b le  p r o d u c t s  r e m a in in g  i n  s o l u t i o n  a f t e r  p r e c i p i ­
t a t i o n  w i th  PCA and u r a n y l  a c e t a t e .  R a t  l i v e r  PDases
have a l s o  boon  a s s a y e d  u s in g  t h i s  method (H ilm oe , 1 9 6 1 ) .  
K oernor and S in sh o im er  (1957) and o t h e r  e a r l y  w o rk e rs  
u se d  Co. b i s ( p - n i t r o p h e n y l ) p h o s p h a t e  i n  t h e i r  a s s a y s  
f o r  venom PDase and PDase I ,  b u t  t h i s  s u b s t r a t e  was 
a l s o  d e g ra d e d  by  a c id  PD ase, and some e n d o n u c le a s e s  
have  b e en  shown t o  have some n u c l e o l y t i c  a c t i v i t y  
to w a rd s  t h i s  s u b s t r a t e ,  e . g . ,  a c id  DNase o f  hog 
s p le e n  ( B e rn a r d i  and G r i f f e ,  196*+). M oreover, 
th e  r a t e  o f  h y d r o l y s i s  o f  Ca b i s - ( p - n i t r o p h e n y l ) p h o s p h a t e  
by  5 l PDase h a s  b een  r e p o r t e d  t o  be o n ly  1% t h a t  o f  
n a t u r a l  s u b s t r a t e s ,  i . e . ,  5 1- p h o s p h a t e - t e r m in a t e d  
d i n u c l e o t i d e s  (Shugar and S ie ra k o w sk a ,  1967 ) .  
S p e c t r o p h o to m e t r ic  a s s a y s  f o r  RNase, u s in g  d in u c lo o s id o  
m onophosphates (CpA and UpA) as  s u b s t r a t e s  ( I p a t a  and 
F e l i c i o c i ,  1968 ) ,  have  a l r e a d y  b e en  d e s c r i b e d .  These 
s u b s t r a t e s  may a l s o  be u se d  i n  PDase a s s a y s .
9 1PDase ( A lk a l in e  PDase o r  PDase I )
R a z z e l l  and Khorana (1959) f i r s t  i n t r o d u c e d  
th e  s u b s t r a t e  p - n i t r o p h e n y l  th y m id in e  5 !- p h o s p h a t e , 
w hich  i s  s p e c i f i c  f o r  5 1-m o n o n u c le o t id e - fo rm in g  
e x o n u c le a s e s .  With venom PDase t h e  r a t e  .of 
h y d r o l y s i s  was s i x  t im e s  g r e a t e r  th a n  w i th  n a t u r a l  
s u b s t r a t e s  and th e  p - n i t r o p h e n o l  p ro d u c e d  c o u ld  bo 
f o l lo w e d  c o l o r i m c t r i c a l l y  a t  *+OQnm ( R a z z e l l ,  1963)5 
p - n i t r o p h o n y l u r i d i n e  p h o sp h a te  was h y d r o ly s e d  a t  a 
much s low er  r a t e .  In  a l a t e r  p u b l i c a t i o n ,  R a z z e l l  
(1968) r e p o r t e d  t h a t  t h e r e  a p p e a re d  t o  be  no  d i f f e r e n c e
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i n  th o  a c t i v i t i e s  and g e n e r a l  p r o p e r t i e s  o f  venom, 
k id n e y  and l i v e r  PDase I  and t h a t ,  i n  c o n t r a s t  t o  
th e  e a r l i e r  r e p o r t ,  t h e  r a t e  o f  h y d r o l y s i s  o f  th e  
p - n i t r o p h e n y l  e s t e r s  o f  th y m id in e - 5 * -p h o s p h a te  by  
PDase I , wa s  s i m i l a r  t o  th e  r a t e s  o f  h y d r o l y s i s  o f  
t h e  e s t e r s  o f  o t h e r  n u c l e o t i d e s .  d -R a p h th y l th y m id in e  
5 ’ - p h o s p h a te  h a s  b e e n  u s e d  as an a l t e r n a t i v e  s u b s t r a t e  
b u t  i t  a p p e a r s  t o  hnv© n o - o p o « i a l  a d v an tag e  ove r  
th e  p - n i t r o p h e n y l  a n a lo g u e  i n  r o u t i n e  asoo.yg, i t  i s ,  
how ever, o f  g r e a t  u se  i n  c y to c h e m ic a l  i n v e s t i g a t i o n s  
(S ie ra k o w s k a ,  S zem plin ska  and S h u g a r ,  1 9 6 3 ) .
F r o c in s k a  and h e r  c o l l e a g u e s  ( 1969) ,  i n v e s t i g a t i n g  
th o  d i s t r i b u t i o n  o f  PDases i n  r a t  l i v e r ,  o b ta in e d  
i d e n t i c a l  r e s u l t s  u s in g  th e  ' n a t u r a l 1 s u b s t r a t e  -  
DNA ' c o r e 1 -  a s  w i th  p - n i t r o p h e n o l th y m id in e
5 '  - p h o s p h a t e . __________  ;----------- ---------  ----------------
F inem ore and Warner (1963) have e x t r a c t e d  from  
b r i n e  shrim p eggs  a sy m m e tr ic a l  p y ro p h o sp h a te  e s t e r ,  
p , p - d i g u a n o s i n e - J ^ - t e t r a p h o s p h a t e  (GppGpp), w hich  
i s  h y d ro ly s e d  by  venom PDase t o  g u a n o s i n o - ? 1- p h o s p h a te  
and g u a n o s in e - 5*- t r i p h o s p h a t e  and th e n c e  e n t i r e l y  t o  
g u a n o s in e - 5 * -p h o s p h a te .  The same compound h a s  b e en  
s y n t h e s i s e d  by  Adam and M o f fa t t  ( 1 966) and i d e n t i f i e d  
by  means o f  PDase I  h y d r o l y s i s .  AppApp h a s  a l s o  
been  s y n t h e s i s e d  and s i m i l a r l y  i d e n t i f i e d  (R e is s  
and M o f f a t t ,  1 9 6 ? ) .  These compounds a re  r e a d i l y  
s y n t h e s i s e d ,  and R e i s s  and M o f fa t t  s u g g e s t  t h a t  t h e y  
m igh t p ro v e  t o  be u s e f u l  . s u b s t r a t e s  f o r  PDase I ;
b u t  th o s e  s u b s t r a t e s  a re  p r o b a b ly  a l s o  d e g ra d e d  by  
p y ro p h o s p h a ta s e .
B V PD ase  (A cid  PDase o r  PDase I I )
R a z z e l l  (1961) u se d  p - n i t r o p h e n y l t h y m id i n e  
3 ’?r p h o s p h a t e , a s  s u b s t r a t e ,  w hich-w as h y d r o ly s e d  a t  
a b o u t  th e  same r a t e  as  n a t u r a l  s u b s t r a t e s .  The 
r e a c t i o n  h a d  t o  be s to p p e d  w i th  a l k a l i  i n  o r d e r  t o  
e s t im a t e  t h e  p - n i t r o p h e n o l  r e l e a s e d  c o l o r i m e t r i c a l l y .
B e r n a r d !  and B e rn a r d !  ( .1968), i n v e s t i g a t i n g  a c i d  
s p le e n  e x o n u c le a s e ,  c o n s id e r e d  3 ' - p h o s p h a t e - t e r m i n a t e d  
o l ig o d e o x y r ib o n u c l e o t i d e s  o f  ' c o r e '  DNA, o b ta in e d  b y  
e x h a u s t iv e  d i g e s t i o n  o f  DNA b y  s p le e n  a c i d  DNase 
(DNase I I ) ,  t o  be th e  most s p e c i f i c  s u b s t r a t e  a v a i l a b l e .  
'C o r e '  RNA was a l s o  a t t a c k e d  b y  s p le e n  RN ases; 
p - n i t r o p h e n y l  t h y m i d i n e - 3 1 -p h o s p h a te  was a t t a c k e d  b y  
s p l e e n  a c id  DNase and n u c l e o s i d e  p o l y - p h o s p h a ta s e , 
and Ca b i s ( p - n i t r o p h e n y l ) p h o s p h a t e  was a t t a c k e d  o n ly  
s lo w ly  and was a l s o  d e g ra d e d  b y  a c id  DNase. 'C o r e 1 
DNA was v e r y  s u 3 o o p t ib lo  t o  a o id  PD asa, and as i t  
had  an a v e ra g e  c h a in  l e n g t h  o f  10 -12  n u c l e o t i d e s ,  
e x c e s s  s u b s t r a t e  was r e a d i l y  p r e c i p i t a t e d  b y  PCA 
and u r a n y l  a c e t a t e .  Van Dyck and W a t t ia u x  ( 1 9 6 8 ) ,  
who s t u d i e d  th e  s u b c e l l u l a r  d i s t r i b u t i o n  o f  a c id  
o x o n u c le a s e  i n  r a t  l i v e r ,  a l s o  fo und  ' c o r e*  DNA t o  
be t h e  most s u i t a b l e  s u b s t r a t e  a v a i l a b l e .  P o ly  U h a s  
b e en  u se d  as. a s u b s t r a t e  f o r  r a t  l i v e r  c e l l  sap 
' 3 'e x o n u c l e a s e ' by  H u n te r  and Kornex* <1968) b u t  t h i s  
i s  more s u i t a b l e  as a means o f  s tu d y in g  enzyme 
s p e c i f i c i t y  t h a n  as  a s u b s t r a t e  f o r  r o u t i n e  ass&tyc.
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(VI) Tho c h o ic e  o f  a s s a y  method f o r  r o u t i n e 
a s s a y s  on whole hom ogenate and t i s s u e  
f r a c t i o n s
Tho m ost w id e ly  u se d  RNase a s s a y  p r o c e d u r e s  a re  
th o s e  b a s e d  on th e  s p l i t t i n g  o f  t h e  p h o s p h o d ie s t e r  
bonds o f  RNA and th e  p r e c i p i t a t i o n  o f  th e  re m a in in g  
s u b s t r a t e ,  t o g e t h e r  w i th  t h e  l a r g e r  d e g r a d a t i o n  
p r o d u c t s ,  l e a v in g  th e  s m a l l e r  o l i g o n u c l e o t i d e s  i n  
s o l u t i o n  f o r  q u a n t i t a t i v e  e s t i m a t i o n .  These m ethods 
a re  th e  most c o n v e n ie n t  f o r  r o u t i n e l y  a s s a y in g  l a r g e  
num bers o f  sam ples i n  p a r a l l e l .  The wide v a r i a t i o n  
i n  th e  p r e c i s e  i n c u b a t i o n  c o n d i t i o n s  and p r e c i p i t a n t s  
v a r y  w i th  th e  t i s s u e  b e in g  s t u d i e d ,  w i th  th e  p r o p e r t i e s  
o f  th e  p a r t i c u l a r  enzyme b e in g  m easured  an d , t o  a 
c e r t a i n  e x t e n t ,  w i th  p e r s o n a l  p r e f e r e n c e .  However, 
f o r  th e  p r e s e n t  work on r a t  l i v e r  whole hom ogonate 
and t i s s u e  f r a c t i o n s ,  t h e  m ost r e p r o d u c i b l e  and 
c o n v e n ie n t  a s s a y  m ethods have b e en  s e l e c t e d  and a re  
a s  d e s c r i b e d  i n  th e  c h a p te r  on m a t e r i a l s  and m eth ods .
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5 L yso somes and Pe ro x iso m es
( I ) H is t o r i c a l  B ackground L ea d in g  to  t h e  D evelopm ent
o f  t h e  Lysosome Concent
De Duve e t  a l . (1951) f i r s t  d e m o n s t r a te d  t h e  phenomenon 
o f  enzyme l a t e n c y  i n  r e s p e c t  o f  t h e  a c i d  p h o s p h a ta s e  o r  t h e  
• m i t o c h o n d r i a l '  f r a c t i o n  s e p a r a t e d  from  r a t  l i v e r  homo- 
g e n a te  u s i n g  th e  thon. new techniQ.u.e e £ d i f f e r e n t i a l  
c e n t r i f u g a t i o n  (C la u d e ,  19^ 6 , a and  b$ and Hogeboom 
e t . j L l . , 1 9 h 8 ) .  S u b seq u e n t  s t u d i e s  i n  de Duve’s 
l a b o r a t o r i e s  on t h e  s u b - c e l l u l a r  d i s t r i b u t i o n  o f  a c i d  
p h o s p h a ta s e  l e d  Appelmans e t  a l . (1955) t o  c o n c lu d e  t h a t  
a c i d  p h o s p h a ta s e  was a s s o c i a t e d  w i th  a  s p e c i a l  ty p e  o f  
p a r t i c l e ,  i n t e r m e d i a t e  i n  s i z e  b e tw een  m i to c h o n d r ia  and 
m ici’o so m es , w hich  c o n ta in e d  o n ly  a  s m a l l  p r o p o r t i o n  o f  
th e  c e l l u l a r  p r o t e i n .  Appelmans e t  a l . (1955) t h e r e f o r e  
p ro p o se d  a ’f i v e  f r a c t i o n ’ scheme f o r  d i f f e r e n t i a l  c e n t r i ­
f u g a t i o n ,  w hich  h a s  s u b s e q u e n t ly  b e e n  w id e ly  a d o p te d ;  t h e  
’l i g h t  m i t o c h o n d r i a l ’ f r a c t i o n  was e n r i c h e d  i n  t h e s e  
p a r t i c l e s .
Subsequently, a second enzym e , ^ -glucuronidase, was 
reported to show latency similar to that of acid phos­
phatase (Walker, 1952). Further investigation by the 
de Duve group indicated that a large proportion of the 
liver^S-glucuronidase was present in similar particles to 
those containing acid phosphatase. ^ However, a 
considerable amount of this enzyme’s activity was also 
found  i n  the microsomes (see also Fishman et al.. 1967)
The l o c a t i o n  o f  a number o f  o t h e r  enzymes^ w hich  were 
known to  have  anom alous d i s t r i b u t i o n  p a t t e r n s  u s i n g  t h e  
e a r l i e r  ’f o u r  f r a c t i o n ’ d i f f e r e n t i a l  c e n t r i f u g a t i o n  
schem e, w ere i n v e s t i g a t e d  b y  de Duve e t  a l . (1 9 5 5 ) ,  and 
f o u r  a c i d  h y d r o l a s e s ,  nam ely  a c i d  RNase, a c i d  DNase, 
c a t h e p s i n  (D) and0 - g l u c u r o n i d a s e  showed l a t e n c y  s i m i l a r  
t o  t h a t  o f  a c i d  p h o s p h a ta s e  and so were a lm o s t  c e r t a i n l y  
a s s o c i a t e d  w i th  t h e  same c e l l u l a r  p a r t i c l e s .  U r i c a s e ,  
h ow ev er ,  showed t h e  same d i s t r i b u t i o n  p a t t e r n  a s  t h e  a c i d  
h y d r o l a s e s  b u t  showed no l a t e n c y .  T h is  enzyme, t h e y  
c o n c lu d e d ,  c o u ld  be p r e s e n t  i n  t h e  membrane o f  t h e  ’a c i d  
h y d r o l a s e - c o n t a i n i n g ’ p a r t i c l e s  -  t h e  ’L ysosom es’ -  o r  
c o u ld  be  i n  a n o th e r  ty p e  o f  p a r t i c l e  ( s e e  s e c t i o n  on 
’ P e ro x is o m e s ’ ) .
I n  1956, N o v ik o f f ,  B eau fay  and de Duve p ro d u ce d  
e l e c t r o n  m ic ro g ra p h s  o f  t h e  l y s o s o m e - r i c h  f r a c t i o n  o f  r a t  
l i v e r .  I n  a d d i t i o n  t o - k n o w n . p a r t i c l e s ,  m o s t ly  m i to c h o n d r i a ,  
t h e r e  were p r e s e n t  l a r g e  numbers o f  p a r t i c l e s  w h ich  were 
s l i g h t l y  s m a l l e r  i n  s i z e  and had  t h e  m o r p h o lo g ic a l  
f e a t u r e s  o f  t h e  ’p e r i c a n a l i c u l a r  d e n se  b o d i e s ’ , p r e v i o u s l y  
d e s c r i b e d  b y  R o u i l l e r  (195*+) i n  t h e  b i l e  c a n a l i c u l a r  
r e g io n  o f  l i v e r  c e l l s .  W ith  t h e  d ev e lopm en t o f  r e l i a b l e  
t e c h n iq u e s  f o r  d e m o n s t r a t in g  a c i d  p h o s p h a ta s e  a c t i v i t y  i n  
spec im ens examined u n d e r  t h e  e l e c t r o n  m ic ro sc o p e  (G om ori,
19505 H o l t ,  195^) t h e  ly so so m a l  n a t u r e  o f  th e  p e r i c a n a l ­
i c u l a r  d en se  b o d ie s  was c o n f i rm e d .  The c y to c h e m ic a l  
s t a i n i n g  t e c h n iq u e s  have  g r e a t l y  f a c i l i t a t e d  t h e  s t u d y  o f  
ly sosom es and t h e i r  f u n c t i o n  i n  num erous o t h e r  t i s s u e s  i n  
b o th  n o rm a l  and p a t h o l o g i c a l  s t a t e s *
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Lysosomes o c c u r  i n  a w ide v a r i e t y  o f  sh a p es  and s i z e s ,
even i n  a  s i n g l e  c e l l ,  and may c o n t a i n  a v a r i e t y  o f
s u b s ta n c e s  and p a r t i c l e s  i n  d i f f e r e n t  s t a g e s  o f  d i s i n t e ­
g r a t i o n .  I t  i s  t h e i r  c o n te n t s  t h a t  d e te rm in e  t h e i r  s h a p e ,  
s i z e  and d e n s i t y .  The s t u d i e s  o f  T ap p e l  e t  a l . ( 1 9 6 3 ) 
i n d i c a t e  t h a t  ly so som es  a r e  p r e s e n t  i n  a l l  a n im a l  c e l l s .  
L ysosom al a c t i v i t y  h a s  b een  r e p o r t e d  i n  p l a n t s  ( e . g . ,  by  
Y a tsu  and J a c k s ,  1 9 6 8 ) as  w e l l  a s  u n i c e l l u l a r  o rg a n ism s  
( A l l i s o n ,  1 9 6 7 ) .
S in c e  t h e  e a r l y  s t u d i e s  o f  th e  de Duve g ro u p ,  t h e  
number o f  a c i d  h y d r o l a s e s  known to  be l o c a t e d  i n  t h e  l y s o ­
somes h a s  g r e a t l y  i n c r e a s e d .  Many o f  t h e s e  enzymes and
t h e i r  p r o p e r t i e s  hav e  b een  t a b u l a t e d  w i th  s p e c i a l  r e f e r e n c e  
to  t h e  ly so so m a l  enzymes o f  r a t  l i v e r  and k id n e y  i n  a 
r e v ie w  by  T ap p e l (19& 9)* Lysosomes c o n ta in  a c i d  
h y d r o l a s e s  c a p a b le  o f  a c t i n g  on m ost o f  t h e  c e l l  c o n s t i t ­
u e n t s .  A s e n s i b l e  w ork ing  h y p o t h e s i s  d e v e lo p e d  b y  de 
Duve’s group i s  t h e r e f o r e  t h a t  ly so so m es  a r e  i n v o lv e d  i n  
th e  h y d r o l y s i s  o f  f o r e i g n  m a t e r i a l  e n g u l f e d  by  p i n o c y t o s i s  
o r  p h a g o c y t o s i s , o r  o f  i n t r a c e l l u l a r  m a t e r i a l  e n g u l f e d  i n  
t h e  p r o c e s s e s  o f  p h y s i o l o g i c a l  o r  p a t h o l o g i c a l  a u t o l y s i s .
I n  t h e  l i v i n g  c e l l  t h e  ly so so m a l  enzymes m ust be  k e p t  
h a rm le s s  i n  r e l a t i o n  to  th e  r e s t  o f  t h e  c e l l .  However, 
a c i d  h y d r o l a s e s ,  e s p e c i a l l y  c a t h e p s i n s ,  had  f o r  a lo n g  
t im e  ( e . g . ,  B r a d le y ,  1938) b een  s u s p e c t e d  o f  p l a y i n g  a 
m a jo r  p a r t  i n  a u t o l y s i s  a f t e r  c e l l  d e a t h  (de Duve, 1 9 6 9 )*
I t  seemed l i k e l y  t h a t  lysosom e r u p t u r e  m ig h t  w e l l  be
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i n v o lv e d  i n  th e  i n i t i a t i o n  o f  a u t o l y s i s ,  h e n ce  de Duve 
c o in e d  th e  e x p r e s s io n  ’ s u i c i d e  b a g ’ to  d e s c r i b e  t h e  
p o s s i b l e  r o l e  w hich  ly sosom es c o u ld  p l a y  i n  t h e  d e s t r u c t i o n  
o f  t h e i r  h o s t  c e l l ,  a l th o u g h  t h i s  h y p o t h e s i s  h a s  s i n c e  
been  w ith d raw n . The o b s e r v a t i o n s  o f  Weber (1957) a and b ) ,  
l a t e r  c o n f irm e d  b y  E eckh ou t ( 1965 ) ,  showed t h a t  t h e  
r e g r e s s i o n  o f  a  t a d p o l e ’s t a i l  was accom panied  b y  much 
a c i d  h y d r o l a s e  a c t i v i t y ,  and when t h e  t a i l  was r e d u c e d  to  
a s tu b  i t  s t i l l  c o n ta in e d  p r a c t i c a l l y  a l l  o f  i t s  o r i g i n a l  
complement o f  ly s o s o m a l  enzymes. Many o f  t h e  c e l l s  o f  an  
a n im a l ’ s body a r e  s h o r t - l i v e d ,  f o r  exam ple , t h e  b lo o d  c e l l s ,  
h e n c e ,  as w i th  t h e  m etam o rp hosis  o f  t h e  f r o g ,  a u t o l y s i s  o f  
c e r t a i n  c e l l s  i s  a n o rm al p r o c e s s  i n  t h e  l i f e  o f  a  com plex 
o rg an ism  ( s e e  th e  re v ie w  by  Weber, 1 969 ) .  However, de 
Duve assum ed t h a t  t h e  ly sosom es m ust a l s o  p l a y  an  a c t i v e  
r o l e  d u r in g  t h e  l i f e  o f  th e  c e l l  a n d ,  in d e e d ,  t h e  p a r t i c i ­
p a t i o n  o f  ly so so m a l  enzymes i n  a u to l y s i s ,  seems n o t  t o  be  
an e a r l y  e v e n t . .  . . . .
S t r a u s  (195*+)) w orking , w i th  k id n e y  t u b u l e  c e l l s , 
showed t h a t  ’d r o p l e t s ’ i n  t h e s e  c e l l s  w ere t h e  s i t e  o f  
s t o r a g e  and breakdow n o f  r e a b s o r b e d  p r o t e i n .  T hese  d r o p ­
l e t s  x^ere d i s t i n c t  from  m i t o c h o n d r i a ,  were r i c h  i n  a c i d  
p h o s p h a ta s e  (195*+) and were l a t e r  shown ( S t r a u s ,  1956) t o  
c o n ta in  t h e  o t h e r  a c i d  h y d r o l a s e s  d e m o n s tr a te d  b y . d e  Duve 
e t  a l . (1955) i n  l i v e r  ly so so m e s .  , T h is  work p r o v id e d  
t h e  f i r s t  l i n k  b e tw een  ly so so m a l  d i g e s t i o n  and e n d o c y t i c  
u p ta k e  o f  e x t r a c e l l u l a r  m a t e r i a l .  These e x p e r im e n ts  w i th  
l i v e r  and k id n e y ,  t o g e t h e r  w i th  th e  work o f  Cohn and. H i r s c h
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(i9 6 0, a and b), Hirsch and Cohn (i9 6 0), Hirsch (1 9 6 2) 
and Zucker-Franklin and Hirsch (1961+) on leucocytes and 
later work on macrophages by Cohn and Wiener (1 9 6 3* a and b), 
led to the formulation of a scheme (illustrated in Fig. 
l*ip for the process by which lysosomes merge with 
endocytic vacuoles (de Duve, 1 9 6 3). In this scheme the 
lysosomal system is assumed to contain three groups of 
particles - the phagosomes, containing material to be 
digested but no digestive enzymes, the primary lysosomes, 
containing newly synthesised digestive enzymes that have 
not yet participated in digestion, and the secondary 
lysosomes, containing hydrolytic enzymes, material in the 
process of digestion and possibly some residual non- 
digestible material.
Although in higher organisms most nutrients are 
supplied to the cell by the bloodstream in the form of 
small molecules, which may be absorbed through the cell 
membrane, some materials too large for absorption are taken 
into the cell by the process of endocytosis. This process 
is used by Protozoa to obtain all their nutrients. The 
particle to be absorbed becomes attached to part of 
the cell membrane, which then invaginates and is pinched 
off into the cell to form a phagosome. The phagosome 
and a lysosome of the primary type approach each other and 
their membranes fuse to form a single vacuole - a digestive 
vacuole or secondary lysosome. Digestion proceeds and 
digestion products diffuse into the cytoplasm to leave
1 0 0  -
Fi g .  1 A  A Summary o.f__the Types o f  Lysosomes
( a f t e r  de Duve? 19&3)
L ysosom al enzymes a r e  p ro d u ce d  on t h e  r ib o so m es  
a s s o c i a t e d  w i th  t h e  e n d o p la sm ic  r e t i c u l u m  and m ig r a te  
th r o u g h  th e  en d o p la sm ic  r e t i c u l u m  to  t h e  G olg i a p p a r a t u s  
where a r e  form ed t h e  ’G o lg i  v e s c i c l e s ’ , ’ s t o r a g e  g r a n u l e s ’ , 
o r  ’p r im a r y  ly s o s o m e s ’ -  t h e  fo rm  f i r s t  assumed b y  t h e  
ly so so m e . M a t e r i a l  i s  i n g e s t e d  b y  e n d o c y t ic  i n v a g i n a t i o n  
to  g iv e  a  phagosome o r  fo o d  v a c u o l e .  S e v e r a l  phagosom es 
may f u s e  to  g iv e  a  s i n g l e  v a c u o le .  A p r im a ry  ly so so m e  (o r  
p o s s i b l y  o t h e r  ly so so m e)  f u s e s  w i th  t h e  phagosome t o  fo rm  
a d i g e s t i v e  v a c u o le .  D ig e s t io n  p r o d u c t s  d i f f u s e  th r o u g h  
t h e  membrane i n t o  t h e  c e l l .  The d i g e s t i v e  v a c u o le  can  
c o n t in u e  i t s  d i g e s t i v e  a c t i v i t y ,  g r a d u a l l y  a c c u m u la t in g  
i n d i g e s t i b l e  m a t e r i a l ,  u n t i l  i t  becomes a r e s i d u a l  b o d y , 
w hich , i n  some ty p e s  o f  c e l l ,  may b e  e l i m in a t e d  b y  f u s i o n  
w i th  t h e  c e l l  membrane. The a u to p h a g ic  v a c u o le  c o n t a i n s  
p a r t s  o f  t h e  c e l l  i t s e l f  -  su c h  a s  m i to c h o n d r ia  and 
f r a g m e n ts  o f  th e  e n d o p la sm ic  r e t i c u l u m .
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u n d ig e s te d  m a t e r i a l  i n  a fr e ^ i ^ j . l JC;]3.o4yl . In  some c e l l s
u n d ig e s te d  m a t e r i a l  i s  removed b y  a r e v e r s a l  o f  th e  
e n d o c y to t i c  p r o c e s s  known a s  l d G f a e o a t io n , , e . g . ,  u n i ­
c e l l u l a r  o rg a n is m s ,  h u t  i n  o t h e r s , e . g . ,  p a ren ch y m a l 
c o lls , , ,  d o f a e c a t i o n  i s  slow  o r a b s e n t .  I t  was a t  f i r s t  
c o n s id e r e d  t h a t  th o  same s e c o n d a ry  lysosom e may f u s e  
r e p e a t e d l y  w i th  f r e s h  phagosom es, b u t  t h i s  now seems 
u n l i k e l y  ( D in g le ,  1 9 6 8 ) .  The m a t e r i a l  p r o c e s s e d  i n  
th e  s e c o n d a ry  ly so so m es  may' be o f  exogenous or endogenous 
o r i g i n .  D ig e s te d  m a t e r i a l  i s  p a s s e d  th ro u g h  th e  l y s o ­
somal membrane i n t o  th e  c y t o s o l .
The lysosom e c o n c e p t  e x p l a i n s  many o f  th e  phenomena 
o b se rv e d  b y  b io c h e m ic a l  and e l e c t r o n  m ic ro s c o p ic  t e c h n iq u e s  
and a l s o  h e l p s  t o  t i e  t o g e t h e r  many o f  th e  in n u m e ra b le  
o b s e r v a t i o n s  made b y  b i o l o g i s t s  and m i c r o s c o p i s t s  o v e r  
th e  p a s t  h u n d re d  y e a r s  o f  th e  p h a g o c y t ic  a c t i v i t y  and 
o f  th e  y e r i o u s  v a c u o le s  o f  d i f f e r e n t  s p e c i a l i s e d ,  ty p e s  
o f  c e l l s .  I t  h a s ,  how ev er ,  o n ly  r e c e n t l y  become 
a p p a r e n t  t h a t  i n t r a c e l l u l a r  d i g e s t i o n  i s  a p r o c e s s  
o c c u r r in g  i n  a l l  an im a l  c e l l s .
( I I )  The Vacuome and th e  F o rm a tio n  o f  P r im a ry  Lysosomes
As de Duve (1969) has pointed out, the vocabulary 
used to describe intracellular organelles is hnade up 
largely of descriptive or operational terms defined on 
the basis of certain morphological, cytological, physical
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o r  b io c h e m ic a l  c r i t e r i a ,  b u t  does n o t  n e c e s s a r i l y  
c o r r e s p o n d  to  c l e a r l y  d e l i m i t e d  p h y s i o l o g i c a l  u n i t s 1. 
Exam ples o f  such  te rm s  a r e  ’ en d o p la sm ic  r e t i c u l u m ’ ,
’G o lg i a p p a r a t u s ’ , ’m ic ro so m e s ’ , and ’ ly s o s o m e s ’ . I t  i s  
d i f f i c u l t  t o  d e s c r i b e  a c e l l u l a r  p r o c e s s  u s i n g  s o l e l y  
t h e s e  te rm s  s i n c e  eac h  te rm  may c o v e r  s e v e r a l  b i o l o g i c a l l y  
and  m o r p h o lo g ic a l ly  d i s t i n c t  e n t i t i e s .  These te rm s  do 
n o t  r e p r e s e n t  s e p a r a t e  ’b o d i e s ’ , b u t  p a r t s  o f  a  sy s te m , 
and m ust be  r e g a r d e d  a s  su c h  b e f o r e  t h e  sy s te m  i t s e l f  -  
t h e  vacuome -  may be  u n d e r s to o d .  The c e l l  vacuome (de 
Duve, 1969 ) i n c lu d e s  a l l  t h e  membrane-bound sp a c e s  o f  
t h e  c e l l ,  e x c lu d in g  t h e  m i to c h o n d r i a .  I f  t h e  m i to c h o n d r i a  
a r e  i n  f a c t  d e r iv e d  from  p a r a s i t i c  b a c t e r i a l  a n c e s t o r s ,  
a s  h a s  been  s u g g e s t e d ,  th e n  t h e  sp a c e  b e tw een  t h e  i n n e r  
and o u t e r  membrane i s  a l s o ,  a t  l e a s t  p h y l o g e n e t i c a l l y ,  
p a r t  o f  th e  vacuome. The vacuome c o n s i s t s  o f  a n u m b e r  
o f  v e s i c u l a r  u n i t s  w hich  may b e  i n t e r - c o n n e c t e d  b y  p e rm an en t 
o r  t r a n s i e n t  c h a n n e l s .  V e s i c l e s  may f u s e  w i th  one 
a n o th e r  ( d i s c u s s e d  by  de Duve and W a t t i a u x ,  1 9 6 6 ) and  a l s o  
w i th  t h e  e x t r a c e l l u l a r  s p a c e ,  b o th  p r o c e s s e s  i n v o lv i n g  
t h e  m erg ing  o f  m em branes. Hence t h e  vacuome i s  a dynamic 
sy s te m . .
The f u n c t i o n s  o f  t h e  vacuome a r e  b o th  a n a b o l i c  and 
c a t a b o l i c  and d i f f e r e n t  p a r t s  o f  t h e  vacuome may hav e  
d i f f e r e n t  v a c u o la r  c o n t e n t s ,  d e p e n d in g  on th e  p h y s i o l o g i c a l  
f u n c t i o n  o f  t h a t  p a r t  o f  t h e  vacuom e. The whole sy s te m  
i s  s e p a r a t e d  from  t h e  c y t o s o l ,  a l t h o u g h  exchange  o f  m a t t e r
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may take place at some points between the vacuolar space 
and the cytosol. Non-diffusible material passing into or 
out of the cell passes via the vacuome. The catabolic 
activity of the vacuome is the lysosomal digestion of 
sequestered material described above.
One of the major anabolic functions of the vacuome is 
the synthesis and transport of secretory macromolecules, 
largely elucidated by the work of Palade’s group 
(summarised by Jamieson and Palade, 19&7> a who
worked on guinea-pig pancreas. The growing polypeptide 
chains of the secretory protein are synthesised on the 
ribosomes of the rough-surfaced endoplasmic reticulum and 
pass directly into the lumen of the endoplasmic reticulum, 
where the complete protein is formed. The protein 
migrates via the smooth-surfaced endoplasmic reticulum to 
the Golgi apparatus, from where it is transferred via 
'condensing1 vacuoles to zymogen granules, which may then 
discharge their contents by exocytosis into the acinar 
lumen. This process, elucidated in the pancreas, appears 
to be applicable to numerous secretory processes and to 
the synthesis of lysosomal enzymes and the formation of 
primary lysosomes. In leucocytes, for instance, lysosomal 
enzymes are stored in large storage granules, but in some 
cells the newly synthesised protein need not accumulate in 
a storage granule or primary lysosome, but may be trans­
ferred directly from the Golgi apparatus to a phagosome 
(or secondary lysosome)by means of small Golgi vesicles, 
which may be considered as primary lysobomes.
The te rm  ’ly s o s o m e s ’ i n c l u d e s  p a r t i c l e s  w h ich  ra n g e  
i n  s i z e  from  l a r g e  k id n e y  d r o p l e t s ,  t h e  s i z e  o f  m i to c h o n d r i a  
t o  t h e  s m a l l  p e r i - g o l g i  v e s i c l e s  i n  w hich  th e  ly s o s o m a l  
enzymes a r e  f i r s t  c o n c e n t r a t e d .  T hus, ly sosom es can  o n l y  
be  r e c o g n i s e d  b i o c h e m i c a l ly  by  t h e i r  h y d r o l y t i c  enzyme 
c o n te n t  and th e  s t r u c t u r e - l i n k e d  l a t e n c y  o f  t h e s e  enzym es. 
Lysosomes may be  r e g a r d e d  as  s a c - l i k e  g r a n u le s  c o n t a i n i n g  
a c i d  h y d r o l a s e s  su r ro u n d e d  b 3^  a  membrane w hich  i s  imperm- 
i a b l e  t o  t h e  s u b s t r a t e s  o f  t h e s e  enzymes* There  i s  some 
dou b t a s  to  w h e th e r  t h e  lysosom e m a t r ix  h as  any s t r u c t u r e .  
The known c o n s t i t u e n t s  o f  ly sosom es i n c lu d e  t h e  h y d r o l y t i c  
enzym es, t h e  s t r u c t u r a l  l i p i d  and p r o t e i n  o f  t h e  membrane, 
p a r t i c l e s  w hich  a r e  u n d e rg o in g  h y d r o l y s i s  o r  w hich  r e s i s t  
h y d r o l y s i s ,  and p r o d u c t s  o f  h y d r o l y s i s  a c c u m u la te d  i n  t h e  
ly so so m e s .  The l a t e n t  a c t i v i t i e s  may b e  r e l e a s e d  i f  t h e  
membrane i s  b ro k e n  b y  some p h y s i c a l  o r  b i o l o g i c a l  m eans, 
e . g . ,  o sm o tic  r u p t u r e  i n  a h y p o to n ic  medium, s o n i c a t i o n ,  
f r e e z e - t h a w i n g , n o n - i o n i c  d e t e r g e n t s  ( su c h  a s  T r i t o n  X -1 0 0 ) ,  
o r  by  t h e  a c t i o n  o f  l e c i t h i n a s e  o r  p r o t e a s e .  Some o f  
t h e  h y d r o l y t i c  enzymes a r e  more r e a d i l y  s o l u b i l i s e d  t h a n  
o t h e r s  by  p h y s i c a l  m eans. These  a r e  p r o b a b ly  l o c a t e d  i n  
a s o l u b l e  s t a t e  i n  t h e  lysosom e m a t r i x ,  w hereas t h e  l e s s  
r e a d i l y  s o l u b i l i s e d  enzymes a r e  p r o b a b ly  bound t o  o r  a r e  
p a r t  o f  t h e  ly so so m a l  membrane. G e n e r a l ly ,  a b o u t  80% o f  
th e  ly so so m a l  p r o t e i n  i s  s o l u b l e .
A l a r g e  number o f  ly so so m a l  enzymes have  now b e e n  
r e c o g n ise d . .  AH1 th e  m a jo r  c a t e g o r i e s  o f  b i o l o g i c a l
m o le c u le  -  p r o t e i n s  and p e p t i d e s ,  n u c l e i c  a c i d s ,  p o l y ­
s a c c h a r i d e s ,  l i p i d s  and p h o s p h a te s  -  can  be  d e g ra d e d  b y  
th e  ly so so m a l  enzym es, and t h e  m a jo r  pathw ays o f  ly s o s o m a l  
c a t a b o l i s m  o f  t h e s e  m o le c u le s  h av e  b e en  f o r m u la te d  (T a p p e l ,  
1 9 6 8 ) .  A co m p reh en s iv e  t a b u l a t i o n  o f  t h e  known ly s o s o m a l  
enzym es, t h e i r  p r o p e r t i e s ,  s u b s t r a t e  s p e c i f i c i t i e s ,  a s s a y  
p ro c e d u re s  and optimum i n  v i t r o  pH h a s  b e en  co m p iled  b y  
T ap p e l ( 1969) ( a l s o  b y  B a r r e t t ,  1 9 6 9 ) .
The s o l u b l e  m a t e r i a l  r e l e a s e d  from  r a t  l i v e r  ly so so m es  
h a s  b e en  c h ro m a to g rap h ed  by  D E A E -c e l lu lo se ,  Sephadex  G-200 
and C M -c e l lu lo se  b y  Beck e t  a l . ( 1 9 6 8 ) and many o f  th e  
h y d r o l a s e s  were i d e n t i f i e d  and p u r i f i e d  up to  18 t im e s  o v e r  
t h e  s o l u b l e  lysosom e f r a c t i o n .  By c a l i b r a t i n g  t h e  Sephadex 
column w i th  p r o t e i n s  o f  known m o le c u la r  w e ig h t ,  e s t i m a t e s  
were o b t a i n e d  o f  th e  m o le c u la r  w e ig h ts  o f  some o f  t h e  
ly so so m a l  enzymes. C hrom atography  on C M -c e l lu lo s e  gave 
m u l t i p l e  peaks  o f  a c t i v i t y  f o r  s e v e r a l  o f  th e  h y d r o l a s e s  
m o n ito re d  -  n o t a b l y  a c i d  p h o s p h a ta s e ,  a c i d  RNase and a c i d  
p y ro p h o s p h a ta s e .
The ly so so m a l  m a t r i x  h as  b e e n  shown^ to  be a c i d i c ,  b u t
o f  t h e
ly s o s o m a l  enzymes h av e  a c i d i c  pH optim a^  a few  enzym es, 
n o t a b l y  n a p h th y la m id a s e ,  d i p e p t i d a s e ,  and a s p a r t y l g l u c o s y l -  
arnine am idase  have  pH o p tim a  a ro u n d  n e u t r a l i t y  o r  a t  
s l i g h t l y  a l k a l i n e  pH v a l u e s ,  b u t  t h e s e  enzymes may s t i l l  
be  a c t i v e  i n  an  a c i d  e n v iro n m e n t .  I t  i s  i n t e r e s t i n g  
t h a t  t h e  ly so so m a l  membrane i s  n o t  a t t a c k e d  by  th e  ly s o s o m a l  
h y d r o l a s e s ,  w h i l s t  membranous s u b c e l l u l a r  p a r t i c l e s  -
(de f Mw/
t h e  e x a c t  pH i n  v iv o  i s  d i f f i c u l t  t o  measure^. Most
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mitochondria and endoplasmic reticulum - are hydrolysed 
within the lysosome. It appears that some of the lyso­
somal enzymes are constituents of the membrane and a 
portion of the soluble enzymes is membrane bound, and may 
by some means form a protective lining to the membrane 
(Tappel, 1 9 6 9? and Shamberger, 19&9)• Beck et al, (1968) 
separated several forme of some lysosomal enzymes* Some 
of the forms appear to differ solely in the charge on the 
enzyme and may well correspond to the soluble and the 
membrane bound (in vivo) components of these enzymes.
T h is  c e r t a i n l y  a p p e a rs  to  be  t h e  c a s e  f o r  a c i d  p h o s p h a t a s e .  
F u r in  ( 1967) r e p o r t e d  two form s o f  a c id  p h o s p h a ta s e  a f t e r  
e l e c t r o p h o r e s i s  o f  a lysosom e e x t r a c t ,  b u t  on t r e a t i n g  t h e  
e x t r a c t  w i th  T r i t o n  X-100 th e  l i p i d - a s s o c i a t e d  p e a k  was 
l o s t ,  l e a v i n g  one m a jo r  peals: o f  a c i d  p h o s p h a ta s e  a c t i v i t y ,  
S l o a t  and A l le n  (1 9 6 9 ) foun d  two v a r i e t i e s  o f  a c i d  p h o s ­
p h a t a s e ,  one c o r re sp o n d in g ,  to  t h e  enzyme s o l u b i l i s e d  b y  
p h y s i c a l  means and t h e  seco nd  c o r r e s p o n d in g  to  t h e  l y s o ­
som al membrane-bound enzyme w hich  h ad  been  s o l u b i l i s e d  i n  
5$ T r i t o n  X -100, On e l e c t r o p h o r e s i s  in  a c r y la m id e  g e l  
t h e s e  two v a r i e t i e s  m ig r a te d  i n  s e p a r a t e  b a n d s .  However, 
a f t e r  an e x te n s iv e  s tu d y ,  S l o a t  and A l le n  foun d  no f u r t h e r  
d i f f e r e n c e s  be tw een  t h e  two v a r i e t i e s  i n  s p e c i f i c i t y ,  
s e d im e n ta t io n  o r  pH,
It is not within the scope of this thesis to discuss 
the whole range of enzymes found within the lysosomes.
Those lysosomal enzymes which possess nucleolytic acitivity 
have been discussed earlier. A brief description of the
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p r o p e r t i e s  o f  a c i d  p h o s p h a ta s e ,  t h e  o t h e r  enzyme t h a t  i s  
o f  p a r t i c u l a r  r e l e v a n c e  to  t h i s  w ork , w i l l  now b e  g iv e n .  
Acid P h o s p h a ta se
The ly so so m a l  l o c a t i o n  o f  a c i d  p h o s p h a ta s e  was f i r s t  
e s t a b l i s h e d  b y  t h e  de Duve g ro u p , and s i n c e  th e n  t h e  
enzyme h as  been  u s e d  by  many w o rk e rs  as  t h e  p r im a ry  m ark e r  
enzyme f o r  ly so so m e s .  T here  i s ,  h o w ev er ,  some e v id e n c e  
t h a t  a c i d  p h o s p h a ta s e s  do a l s o  o c c u r  o u t s i d e  t h e  ly so som es  
( e . g .  N e i l  and H o rn e r ,  196*+, a and b ) .  A w ide v a r i e t y  o f  
a s s a y  p ro c e d u re s  h av e  b e en  u s e d  f o r  t h i s  enzyme, b u t  th e  
m ost common i s  t h e  m easurem ent o f  t h e  r e l e a s e  o f  i n o r g a n i c  
p h o s p h a te  (Lowry and L opez, 19ls-6) from  g ly c e r o p h o s p h a te .  
An a l t e r n a t i v e  m ethod i s  t h e  s p e c t r o p h o to m e t r i c  d e t e r m i n ­
a t i o n  o f  n i t r o p h e n o l  r e l e a s e d  by  t h e  enzymic h y d r o l y s i s  
o f  p - n i t r o p h e n y lp h o s p h a t e .  B o th  o f  t h e s e  asse,y  p r o c e d u r e s  
have  b e en  u s e d  by  t h e  a u th o r  ( s e e  M a t e r i a l s  and M ethods 
s e c t i o n ) .
The pH o p tim a  o f  a c i d  p h o s p h a ta s e s  from  v a r i o u s  
mammalian s o u r c e s  have  b e en  d e te rm in e d  u s i n g  a  number o f  
d i f f e r e n t  s u b s t r a t e s  and a v a r i e t y  o f  b u f f e r s ,  many o f  
w hich  a p p e a r  to  hav e  i n h i b i t o r y  e f f e c t s .  The p u b l i s h e d  
pH o p tim a  v a r y  c o n s i d e r a b l y  d e p en d in g  on t h e  p r e c i s e  a s s a y  
c o n d i t i o n s .  R a t l i v e r  ly so so m a l  enzyme a s s a y e d  a g a i n s t  
p - n i t r o p h e n y lp h o s p h a te  h a s  an optimum a c t i v i t y  a t  pH 5**+ 
(Bhibko and T a p p e l ,  19& 3)• enzyme h a s  b e en  i s o l a t e d
in  c r y s t a l l i n e  form  from  r a t  l i v e r  by  I g a r a s h i  and 
H o l la n d e r  ( 1 968) ,  I t  h a s  a m o le c u la r  w e ig h t  o f  1 0 0 ,0 0 0 -  
120 ,000  and i s  i n h i b i t e d  by  pCMB, Hg+~r and o t h e r  h e a v y  
m e t a l s ,  m o ly b d a te ,  t a r t r a t e  and f l u o r i d e .
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T here  i s  some e v id e n c e  t h a t  more th a n  one a c i d  
p h o s p h a ta s e  e x i s t s  i n  r a t  l i v e r  ly so so m e s .  A r s e n is  
and T o u s te r  (19&7) o b ta in e d '  two s e p a r a t e  p eaks  o f  a c i d  
p h o s p h a ta s e  a c t i v i t y  b y  c h ro m a to g ra p h in g  a . ly s o s o m a l  
e x t r a c t  on D E A E -ce llu lo se .  B o th  peaks  showed e q u a l  
a c t i v i t y  tow ards  n u c l e o s i d e  m o n o p ho sph a tes ,  ^ - g l y c e r o ­
p h o s p h a te  and p - n i t r o p h e n y lp h o s p h a t e  and had  a p p r o x im a te ly  
t h e  same m o le c u la r  w e ig h t ,  w h i le  o n ly  one peak  showed any  
a c t i v i t y  to w ard s  s u g a r  p h o s p h a te s  ( s e e  a l s o  I g a r a s h i  and 
H o l l a n d e r ,  1968). F u r i n  (19&7) showed two e l e c t r o p h o r e t -  
i c a l l y  d i s t i n c t  a c i d  p h o s p h a ta s e s ,  b u t  d id  n o t  t r y  to  
d e m o n s t r a te  any d i f f e r e n c e s  i n  enzyme s p e c i f i c i t y .
(IV) Methods o f  I s o l a t i n g  Lysosomes
Much o f  t h e  work p r e s e n t e d  i n  t h i s  t h e s i s  c o n c e rn s  t h e  
p r e p a r a t i o n  o f  a  ly so so m a l  f r a c t i o n  from  r a t  l i v e r  b y  means 
o f  t h e  ’A1 o r  ’HS1- t y p e  z o n a l  r o t o r s  ( s e e  M a t e r i a l s  and 
Methods s e c t i o n ) .  For c o n v e n ie n c e ,  o n ly  t h e  m ethods f o r  
i s o l a t i n g  lysosom es p u b l i s h e d  b e f o r e  t h e  commencement o f  
t h i s  s t u d y  w i l l  be p r e s e n t e d  a t  t h i s  s t a g e .  Once t h e  
a u t h o r ’ s r e s u l t s  have  been  p r e s e n t e d ,  a  f u r t h e r  d i s c u s s i o n  
o f  t h e s e  r e s u l t s ,  t o g e t h e r  w i th  t h o s e  o f  o t h e r  w o rk e rs  
u s i n g  z o n a l  c e n t r i f u g a t i o n  and o t h e r  r e c e n t l y - d e v e l o p e d  
t e c h n i q u e s ,  w i l l  be  p r e s e n t e d .
A. The Lysosom al F r a c t i o n  P re p a re d  by  D i f f e r e n t i a l  
. C e n t r i f u g a t i o n
Appelmans e t  a l . (1955) and de Duve e t  al. (1955)
d e m o n s tra te d  th e  s e p a r a t e  i d e n t i t y  o f  ly sosom es and  made
the first attempt to purify the lysosomes from rat livor
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by d i f f e r e n t i a l  c e n t r i f u g a t i o n .  They m o d if ie d  t h e  s t a n d a r d  
d i f f e r e n t i a l  c e n t r i f u g a t i o n  t i s s u e  f r a c t i o n a t i o n  scheme 
( S c h n e id e r ,  19*+8) t o  g iv e  an a d d i t i o n a l  f r a c t i o n  (L) 
be tw een  th e  l a r g e  g r a n u l a r  -  m i t o c h o n d r i a l  -  (M) and  t h e  
m ic ro so m al f r a c t i o n  ( P ) .  A lth o u g h  t h e  a c i d  h y d r o l a s e s  
w ere p u r i f i e d  a b o u t  f i v e  t im e s ,  t h e  m a jo r  com ponents o f  
t h e  f r a c t i o n  as  ju d g ed  e n z y m a t i c a l l y  (de  Duve, 1955) ond 
by  e l e c t r o n  m ic ro sc o p y  (N o v ik o ff  e t  a l . <> 1956) a p p e a re d  
to  be  m i to c h o n d r ia  and m ic ro so m es . S u b seq u en t  work 
showed t h e  f r a c t i o n  a l s o  c o n ta in  p e ro x is o m e s .  B e a u fa y  
(1969) h a s  c a l c u l a t e d  t h a t  t h e  ’l y s o s o m a l ’ f r a c t i o n  a s  
p r e p a r e d  by  d i f f e r e n t i a l  c e n t r i f u g a t i o n  c o n ta in s  p r o b a b ly  
l e s s  t h a n  10% ly sosom es  011 a p r o t e i n  b a s i s .  B e a u fa y  e t  _a,l. 
(19595 b )  d e te rm in e d  t h e  f r e q u e n c y  d i s t r i b u t i o n  c u rv e s  o f  t h e  
s e d im e n ta t io n  c o e f f i c i e n t s  o f  v a r i o u s  m ark e r  enzymes 
a s s o c i a t e d  w i th  ly so so m e s ,  m i to c h o n d r i a  and p e ro x iso m e s  
i n  a s h a l lo w  l i n e a r  s u c r o s e  g r a d i e n t .  The mean s e d im e n t ­
a t i o n  c o e f f i c i e n t s  o f  a c i d  p h o s p h a ta s e  and cy to ch ro m e  
o x id a s e  were w e l l  s e p a r a t e d ,  b u t  t h e  d i s t r i b u t i o n  c u rv e s  
o f  th e  two enzymes o v e r la p p e d  c o n s i d e r a b l y .  S in c e  th e  
m i to c h o n d r ia  r e p r e s e n t e d  a b o u t  20% o f  t h e  hom ogenate  
p r o t e i n ,  and ly sosom es l e s s  t h a n  ljfc, t h e  l a t t e r  c o u ld  n o t  
be  o b t a i n e d  f r e e  o f  m i to c h o n d r ia  by  d i f f e r e n t i a l  c e n t r i ­
f u g a t i o n  a lo n e .  I n  a d d i t i o n ,  t h e  d i s t r i b u t i o n  c u rv e  o f  
u r i c a s e  a lm o s t  c o in c id e d  w i th  t h a t  o f  a c i d  p h o s p h a ta s e  and 
c o n ta m iw a t io n  by  m icrosom es was n o t  c o n s id e r e d ,  a l t h o u g h  
B e au fa y  was w e l l  aw are o f  t h i s  p ro b lem .
-  I l l  -
A m ethod f o r  p r e p a r i n g  p u r i f i e d  r a t  l i v e r  ly so so m e s  
w as, h o w ever ,  p u b l i s h e d  b y  T ap p e l  e t  a l . (1963 ) and b y  
Sawant e t  a l . (196^ ) .  The scheme o f  Sawant in v o lv e d  
s e v e r a l  d i f f e r e n t i a l  c e n t r i f u g a t i o n  s t e p s  f o l lo w e d  b y  
p e l l e t i n g  a f t e r  z o n a l  c e n t r i f u g a t i o n .  An a p p a r e n t  
p u r i f i c a t i o n  o f  7 0 - f o l d  o v e r  hom ogenate  was o b t a i n e d .
The p e r c e n t a g e s  o f  hom ogenate  u r i c a s e ,  and g l u c o s e - 6 -  
p h o s p h a ta s e  a c t i v i t i e s  r e m a in in g  i n  t h e  ly so so m a l  f r a c t i o n  
were, n o t  r e p o r te d *  T h is  m ethod does  n o t ,  h o w ev er ,  a p p e a r  
to  be r e p e a t a b l e  (Mahadevan and T a p p e l ,  1967? a an ^ h$ 
B e au fa y ,  1969) .  A r e v i s e d  p u r i f i c a t i o n  p ro c e d u r e  was 
p ro p o se d  b y  t h e  same group  i n  1967 (Ragab e t  a l . ) b y  
w hich  a c i d  p h o s p h a ta s e  was p u r i f i e d  a b o u t  2*+ t im e s  o v e r  
whole hom ogenate  g iv in g  a y i e l d  o f  a b o u t  7/S* A gain  t h e  
l e v e l  o f  m i t o c h o n d r i a l ,  p e ro x is o m a l  and m ic ro so m al m a rk e r  
enzyme c o n ta m in a t io n  was n o t  g iv e n .  I n  c o n t r a d i c t i o n  
w i th  t h e  v iew s o f  Mahadevan and T ap pe l,  ( 1967 , .  a ) , B e a u fa y
( 1969) ,  c o n s i d e r i n g . t h e  work o f  B e au fa y  e t  a l . (1 9 5 9 .  b )  
m en tio n ed  a b o v e , ,  c o n c lu d ed , t h a t  80/, o f  t h e  p r o t e i n  o f  t h i s  
’l y s o s o m a l1 p r e p a r a t i o n  d id  n o t  come from  ly so so m e s .
B. . The Lysosomal Fraction Prepared from Normal. Rat Liver
by Density Equilibrium Centrifugation
Initially, much attention was concentrated on density 
equilibrium centrifugation, but in spite of the use of a 
wide variety of media there has been very little progress 
towards purifying lysosomes from the livers of untreated 
rats (Beaufay etr al., 1961*). The equilibrium density of 
a subcellular particle is variable, depending on the
-  1 1 2  -
c o m p o s i t io n  o f  th o  su s p e n d in g  medium, a l th o u g h  t h e  r e l a t i o n ­
s h ip  b e tw een  th e  p a r t i c l e  and medium d e n s i t i e s  i s  s p e c i f i c  
to  each  p o p u l a t i o n  and medium. The m ost s a t i s f a c t o r y  o f  
t h e  g r a d i e n t s  t r i e d  by  B eau fay  e t  a l . w ere s u c r o s e / w a t e r  
g r a d i e n t s ,  where t h e  p a r t i c l e s  w ere l a y e r e d  i n  0 .2 5  ^  
s u c r o s e  on th e  to p  o f  t h e  g r a d i e n t s ,  and g ly co g e n  
g r a d i e n t s ,  c o n t a in i n g  a c o n c e n t r a t i o n  o f  s u c r o s e  from  0 .6  
to  1 M.
The Isolation of Modified Rat Liver Lysosomes
The o b s e r v a t i o n  t h a t  t h e  i n j e c t i o n  o f  t h e  n o n - i o n i c  
d e t e r g e n t  T r i t o n  WK-1339 (W a tt ia u x  e t  a l . . 19&3) c a u s e s  
a d ra m a t ic  s h i f t  i n  th e  d e n s i t y  o f  t h e  ly so so m e s ,  h a s  l e d  
t o  t h e  d eve lopm en t o f  s e v e r a l  i s o l a t i o n  m ethods -  i n i t i a l l y  
u s i n g  s u c r o s e  g r a d i e n t s  i n  s m a l l  tu b e s  (W a tt ia u x  e t  a l . .  
1 9 6 3 ? and T r o u e t ,  196**). The m ethod u s e d  by  L e ig h to n  
e t  a l . (1968) i n v o lv e s  fo rm in g  a m i t o c h o n d r i a l / l y s o s o m a l ,  
f r a c t i o n  by  c o n v e n t io n a l  d i f f e r e n t i a l  c e n t r i f u g a t i o n  i n  
i s o t o n i c  s u c r o s e ,  from  w hich  t h e  m o d if ie d  ly sosom es  a r e  
s e l e c t i v e l y  f l o a t e d  a f t e r  i n c r e a s i n g  t h e  s u c ro s e  c o n c e n ­
t r a t i o n  and l a y e r i n g  th e  f r a c t i o n  under, two l a y e r s  o f  
low er d e n s i t y  s u c r o s e .  T h is  m ethod y i e l d s  ly so so m es  w i th  
p r a c t i c a l l y  no c o n ta m in a t io n  by m i t o c h o n d r i a l ,  p e ro x is o m a l  
and m ic ro so m al m ark e r  enzymes.
d T r i t o s o m e s 1, as  t h e  ly sosom es lo a d e d  w i th  T r i t o n  
WK-1339 a r e  o f t e n  c a l l e d ,  how ever, can  n o t  be  t a k e n  as  
t y p i c a l  o f  t h e  n o rm a l  lysosom e p o p u l a t i o n .  T ro u e t  (196*+) 
o b s e rv e d  t h e  a c c u m u la t io n  i n  t h e  ly so so m es  o f  p lasm a
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p r o t e i n s  as  w e l l  a s  t h e  d e t e r g e n t ,  and t h e  p r im a ry  l y s o -  
some p o p u l a t i o n  as  a whole may n o t  be  u n i f o r m ly  a c t i v e  i n  
a c t u a l l y  t a k i n g  up th e  T r i t o n ,  Once t a k e n  u p ,  t h e  
d e t e r g e n t  i s  p r e s e n t  o n ly  i n  s e c o n d a ry  ly sosom es t h a t  
have  b e en  form ed b y  t h e  f u s i o n  o f  p r im a r y  ly so so m es  w i th  
p h a g o c y t ic  v e s i c l e s .
W ith  t h e  i n t r o d u c t i o n  o f  z o n a l  c e n t r i f u g e  r o t o r s ,  
i n t e r e s t  r e f o c u s s e d  on r a t e  s e d i m e n ta t io n  and  i s o p y c n ic  
c e n t r i f u g a t i o n  as  p o s s i b l e  m ethods f o r  t h e  p u r i f i c a t i o n  
o f  ly so so m e s .  S e v e r a l  g roups have  now u s e d  t h i s  a p p ro a c h ,  
b u t  t h e i r  r e s u l t s  w i l l  be  d i s c u s s e d  l a t e r  r a t h e r  t h a n  h e r e  
( e . g . ,  C o r b e t t ,  19665 W ith e rs  e t  a l . . 19685 Rahman 
and C erny , 1969 ) .
(V) The N a tu re  and F u n c t io n  o f  P e rox isom es
  P e r o x i s o m e s a r c  a s p e c i a l  g roup  o f  r e s p i r a t o r y
p a r t i c l e s  c h a r a c t e r i s e d  by  t h e  p r e s e n c e  o f  s e v e r a l  
h y d ro g en  p e r o x i d e - g e n e r a t i n g  o x id a s e s  t o g e t h e r  w i t h  
a b u n d an t  c a t a l a s e .  The o x id a s e  s u b s t r a t e s  may i n c l u d e  
u r i c  a c i d ,  D-amino a c id s ' ,  and L-OC:-hydroxy a c i d s ,  d e p e n d in g  
on t h e  c e l l  t y p e .  P e rox iso m es  a r e  w id e ly  d i s t r i b u t e d  i n  
n a t u r e  i n  b o th  t h e  a n im a l  and p l a n t  k ingdom s, b u t  seem 
to  be  p r e s e n t  o n ly  i n  c e r t a i n  ty p e s  o f  c e l l  c o n c e rn e d  
w i th  c a r b o h y d r a te  s y n t h e s i s  (de Buve and B aud hu in , 19665 
Levy, 1 9 7 0 ) .
Novikoff, Podber and Ryan (1953) first observed that, 
in rat liver, uricase showed similar sedimentation 
properties to acid phosphatase. This was confirmed by
I l k ,
de D ave’s g ro u p , who showed t h a t  u r i c a s e ,  ho w ev er ,  d id  
n o t  d i s p l a y  t h e  same s o l u b i l i t y  and l a t e n c y  p r o p e r t i e s  as  
t h e  ly so so m a l  h y d r o l a s e s  (de  Duve e t  a l . , 19??)*  I t  was 
l a t e r  shown t h a t  u r i c a s e  can  be  d i s s o c i a t e d  l a r g e l y  from  
a c i d  h y d r o l a s e s  by  d e n s i t y  e q u i l i b r i u m  c e n t r i f u g a t i o n  i n  
d e n s i t y  g r a d i e n t s  (B e au fay ,  B e n d a l l ,  B audhuin  and de Duve, 
1959? de Duve, e t  a l . , 1960§ and B eau fay  e t  a l . , 196*f). 
Two f u r t h e r  n o n -h y d ro  l y t i c  enzymes had  b e en  shown to  
se d im e n t  w i t h  u r i c a s e ,  D-amino a c i d  o x id a s e  and c a t a l a s e  
(P a ig e n ,  195^? and  Thomson and K l i p f e l ,  1957)? and de 
Duve’s group  showed by  d e n s i t y  e q u i l i b r i u m  t e c h n iq u e s  
t h a t  t h e  t h r e e  enzymes had  a  s i m i l a r  p a r t i c u l a t e  l o c a t i o n #  
They t e n t a t i v e l y  i d e n t i f i e d  t h e  new p a r t i c l e  w i th  m ic r o ­
b o d ie s  (de Duve, I 9 6 0 ) ,  m o r p h o lo g ic a l ly  d i s t i n c t  p a r t i c l e s  
f i r s t  d e s c r i b e d  by  R hodin  (195^) i n  t h e  c o n v o lu te d  t u b u l e  
c e l l s  o f  mouse k id n e y  and  l a t e r  b y  G a n s le r  and R o u i l l e r  
(1956) i n  t h e  p a ren ch y m a l c e l l s  o f  r a t  l i v e r .  B a u d h u in ,  
B e a u fa y  and 4 e  Duve. (1965) s u s e q u e n t ly  e s t a b l i s h e d  t h e  
i d e n t i t y  o f J b ^ p a b ic  m ic ro b o d ie s  w i th  p e ro x is o m e s .  T h is  
may b e  s t r i c t l y  c o r r e c t  f o r  ’m ic ro b o d ie s  1
b i o l o g i c a l  m a t e r i a l .
^some: e v id e n c e  t h a t  t h e  ’rough* e n d o p la sm ic  
r e t i - c u l m  i s  in v o lv e d  i n  th e  s y n t h e s i s  o f  p e ro x is o m a l  
p r o t e i n ,  a s  w i th  T ysosom es, b u t  t h e  p a thw ay  f o l lo w e d  by  
su c h  p r o t e i n s  i s  n o t  known (de Duve and B a u d h u in , 1 9 6 6 ) .
P erox isom es hav e  b e en  n o te d  b y  enzyme a s s a y  i n  a 
number o f  r e l a t i v e l y  d i f f e r e n t i a t e d  hepatom as w i th  s lo w  
g row th  r a t e s ,  e # g . , E s s n e r  and N o v ik o f f  (1 9 6 2 ) ,  H ruban ,
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S w if t  and R e c h c ig l  (196*+), w hereas t h e y  have  b e en  r e p o r t e d  
to  be a b s e n t  i n  r a p id ly - g r o w in g  M o rr is  hepatom a (n o .  3 6 8 3 ) 
and i n  t h e  N o v ik o f f  hepatom a (de L am iran de , A l l a r d  and 
C a n te r o ,  1 9 5 3 ) .
U r ic a s e  i s  th e  m ost a c t i v e  o x id a s e  i n  r a t  l i v e r  
p e ro x is o m e s 5 i t  i s  n o t ,  how ever, a c o n s t a n t  component 
o f  p e ro x iso m e s  s i n c e  i t  i s  a b s e n t  from  t h e  l i v e r s  o f  
s e v e r a l  s p e c i e s  (B audh u in , 1965 )* The enzyme i s ,  
h ow ev er ,  a c o n v e n ie n t  m ark e r  f o r  r a t  l i v e r  p e ro x is o m e s ,  
s i n c e  i t  i s  f i r m l y  a t t a c h e d  to  t h e  perox isom e ' c o r e .
In d e e d ,  Hruban and S w if t  (196*+) s u g g e s te d  t h a t  t h e  p e r o x i ­
som al c o re  r e p r e s e n t e d  some c r y s t a l l i n e  form  o f  u r i c a s e ,  
b u t  i t  seems t h a t  t h e  c o re  m ust c o n t a i n  o t h e r  p r o t e i n s  
b e s i d e s  u r i c a s e  (M ahler e t  a l . , 195 5 )•  O ther  p e ro x is o m a l  
enzymes a r e  e a s i l y  s o l u b i l i s e d  by  damage to  t h e  p a r t i c l e s  
and a r e  p r o b a b ly  l o c a t e d  i n  t h e  p e ro x iso m e  m a t r i x .
However, t h e  o x id a s e  a c t i v i t y  to w ard s  exogenous s u b s t r a t e s  
i s  n o t  i n c r e a s e d  b y  d i s r u p t i o n ,  so s u b s t r a t e s  seem to  
have  f r e e  a c c e s s  to  t h e  i n t e r i o r  o f  t h e  p a r t i c l e s  t h r o u g h  
th e  membrane. T h is  p r o b a b ly  e x p la in s  t h e  lo w e r  s e n s i t ­
i v i t y  o f  p e ro x is o m e s ,  a s  compared w i t h  ly so so m e s ,  t o  
o sm o tic  shock  and t h e  e f f e c t s  o f  d e t e r g e n t  and f r e e z e -  
th aw in g  (Hruban and S w i f t ,  196*+, B audhu in  e t  a l . , 1965? 
and Tsukada e t  a l . , 1 9 6 6 ) ,  P o o le ,  H ig a s h i  and de Duve
(1970) have  d e m o n s tr a te d  th e  a p p a r e n t  h o m o g en e ity  o f  
enzyme d i s t r i b u t i o n  i n  p e ro x iso m e s  o f  d i f f e r e n t  s i z e s ,  
and t h e  h o m o g en e ity  o f  p a r t i c l e s  o f  d i f f e r e n t  d e n s i t y  
was e s t a b l i s h e d ,  by  L e ig h to n  e t  a l . ( 1 9 6 8 ) .  s u g g e s t i n g
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t h a t  t h e  m a t r ix  o f  t h e  p a r t i c l e s  may be  u n i fo rm  th r o u g h o u t  
t h e  p o p u l a t i o n .
P e rox isom es c o n t a i n  o x id a s e s  w hich  o x i d i s e  s u b s t r a t e s  
(RH2  ^ wKi:Lo oxygen to  h y d ro g en  p e r o x i d e ,  and
c a t a l a s e ,  w hich  r e d u c e s  to  w a t e r ,  ei-bner  d i r e c t l y  o r
u s i n g  a  f u r t h e r  s u b s t r a t e  a s  an  e l e c t r o n  d o n o r  ( s e e
F ig ,  1 , 5 ) ,  P e ro x iso m es  th u s  p l a y  a r o l e  i n  t h e  d i s p o s a l  
o f  ^2^2  an(i Pa3?t i c i p a t e  an  s p e c i f i c  m e ta b o l ic  p a th w a y s ,  
i n  t h e  m e ta b o l ism  o f  m o le c u le s  s u s c e p t i b l e  t o  c a t a l a s e  
a c t i o n  and a l s o  p r o b a b ly  i n  t h e  p r o c e s s  o f  g lu c o n e o g e n e s i s  
by  p r o v id in g  oC-Iceto a c i d s .  They may a l s o  p l a y  a  r o l e  i n  
e n e rg y  p r o d u c t io n  a s s o c i a t e d  w i th  o x i d a t i v e  m e ta b o l ism  i n  
th e  r e f o r m a t i o n  o f  FAD from  NADH^, t h e y  a r e  n o t ,  h o w ev er ,  
a s s o c i a t e d  w i th  t h e  f o r m a t io n  o f  !h i g h  e n e r g y 1 p h o s p h a te  
b o n d s ,
F ig .  l . J  ( a f t e r  de Duve and B au d h u in , 1966)
A S ch em atic  R e p r e s e n t a t i o n  o f  th e  Perox isom e C oncent
0 2
O xidases
FL0o C a ta l a s e
2
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(VI) Par.ificat.ion of Peroxisomes
P u r i f i c a t i o n  o f  p e ro x iso m e s  b y  c l a s s i c a l  d i f f e r e n t i a l  
c e n t r i f u g a t i o n  i n  0 ,2 5  M s u c r o s e  g iv e s  5 -10  t im e s  p u r i f i r -  
c a t i o n  o v e r  ho m ogena te . The p a r t i c l e s  behave  v e r y  
s i m i l a r l y  t o  ly so so m e s ,  t h e  m ed ian  s e d im e n ta t io n  c o n s t a n t  
b e in g  s i m i l a r  f o r  b o t h  p a r t i c l e s  (de Duve e t  a l , , 1955)* 
B e au fa y  e t  a l . (196*+) im proved  t h e  s e p a r a t i o n  b y  u s i n g  
th e  t e c h n iq u e  o f  d e n s i t y  e q u i l i b r a t i o n  i n  a g r a d i e n t 3 b u t 5 
even  s o ,  r a t  l i v e r  p e ro x iso m e s  w ere n o t  o b t a i n e d  f r e e  o f  
ly so so m e s ,  W a t t ia u x ,  Wibo and B audhu in  (19&3) showed 
t h a t  t h e  i n j e c t i o n  o f  n o n - i o n ic  d e t e r g e n t  T r i t o n  1JB-1339 
i n t o  t h e  r a t  f o u r  days b e f o r e  k i l l i n g  d r a s t i c a l l y  r e d u c e d  
t h e  e q u i l i b r i u m  d e n s i t y  o f  ly so so m e s ,  and T ro u e t  (196*-!*) u s e d  
t h i s  f i n d i n g  i n  t h e  p r e p a r a t i o n  o f  a  p u r e r  p e ro x iso m e  
f r a c t i o n ,  L e ig h to n  e t  a l . (1968) h av e  p e rfo rm ed  t h i s  
s e p a r a t i o n  011 a l a r g e r  s c a l e  u s i n g  an  ’a u t o m a t i c 1, z o n a l -  
t y p e ,  c e n t r i f u g e  r o t o r ,  and have  o b t a i n e d  a p e ro x iso m e  
f r a c t i o n  p u r i f i e d  a p p r o x im a te ly  t im e s  w i th  r e s p e c t  t o  
whole hom o gena te ,  t h e  a c i d  p h o s p h a ta s e  e n r ic h m e n t  b e in g  
a b o u t  20 t im e s .  The o v e r a l l  y i e l d  was a b o u t  20£ and  t h e  
f r a c t i o n  c o n ta in e d  100 mg p r o t e i n  p e r  100 g r a t  l i v e r  
f r a c t i o n a t e d .
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CHAPTER TWO ; MATERIALS AND- METHODS 
1 Materials
Analytical grade chemicals were generally used 
except where otherwise stated. These were usually 
obtained from BDH Ltd. or Hopkins and Williams Ltd. 
Laboratory grade chemicals, e.g., phenol, were used when 
large quantities were required and when any possible 
impurities were unlikely to be detrimental. Mineral 
water sucrose, supplied by Tate and Lyle Ltd., was 
routinely used for zonal gradients. All solutions were 
prepared with glass distilled water, and where there was 
a considerable change in pH with temperature, as with Tris 
buffers, the pH value was referred to the temperature of 
use (e.g., 37° for enzyme assays).
Adenosine 5*-phosphoric acid, glucose-6-phosphate 
(di-barium salt) and.3>3-dimethylglutaric-acid were 
purchased from Koch-Light Ltd. and sodium p~glycerophos~ 
phate from BDH Ltd. Other marker enzyme substrates,
’core1 RNA, Tris buffer (tris (hydroxymethyl) amino-methane) 
and Norit A activated charcoal were obtained from the Sigma 
Chemical Co. Ltd. Macaloid was a gift from the Baroid 
division, National Lead Co., Houston, Texas. Oligonucleo­
tides of known chain length were purchased from Miles 
Laboratories and high molecular weight KMA was from 
Calbiochem and Boehringer Ltd.
The rats used were of the hooded strain, bred by the 
University of Surrey Animal Unit. This strain originated
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i n  1965 and was d e r i v e d  from t h a t  o f  t h e  C h e s te r  B e a t t y  
R e se a rc h  I n s t i t u t e .  Only m a tu re  m ale  r a t s  were u s e d  and 
t h e s e  w ere u s u a l l y  a b o u t  t h r e e  m onths o l d ,  h a v in g  a body  
w e ig h t  o f  be tw een  l*+0-200 g.
The hepatom as s t u d i e d  were su b c u ta n e o u s  t r a n s p l a n t s  
o f  a p r im a r y  l i v e r  tum our in d u c e d ,  b y  Dr. E. R eid  and 
h i s  c o l l e a g u e s ,  w i th  i n t e r m i t t e n t  f e e d in g  o f  e t h i o n i n e  
o v e r  a p e r i o d  o f  s e v e n  m onths . The tum our, d e n o te d  'U ’ , 
had  s u b l i n e s  ’UA1 and ’UB1. rUA‘ t r a n s p l a n t s  w ere  u s e d  
i n  t h i s  s t u d y .  The hepatom as u s e d  w ere be tw een  85 and 
100 t r a n s p l a n t  g e n e r a t i o n s  and t h e  g e n e r a t i o n  t im e  was 
o f  t h e  o r d e r  o f  2 -3  w eeks, a l th o u g h  e a r l i e r  g e n e r a t i o n s  
had  a  lo n g e r  g e n e r a t i o n  t im e .
2 The P r e p a r a t i o n  o f  E x p e r im e n ta l  M a t e r i a l
( I ) P r e p a r a t i o n  o f  r lb o s o m a l  and n o n - s e d im e n ta b le  RNA
from  " ra t  l i v e r
The m ethod u s e d  was a d a p te d  from  t h a t  o f  K irb y  (1 9 5 6 ) .  
The e x t r a c t i o n  p ro c e d u r e  was p e r fo rm e d  i n  t h e  c o ld  room a t  
3° and a r e f r i g e r a t e d  c e n t r i f u g e  u s e d  th r o u g h o u t .  The 
l i v e r s  from  t e n  r a t s ,  a b o u t  100 g t o t a l ,  were hom ogen ised  
i n  n e u t r a l i s e d  0 .2 5  M s u c r o s e ,  u s i n g  a P o t t e r  E lv e h je m  
h o m o g e n ise r ,  t o  g iv e  a  33$ hom ogena te . The m ic ro so m a l  
p e l l e t  and t h e  m ic ro so m al s u p e r n a t a n t  f r a c t i o n  were 
o b ta in e d  by  s t a n d a r d  d i f f e r e n t i a l  c e n t r i f u g a t i o n  p r o c e d u r e  
(de Duve e t  a l . , 1955)* The m ic ro so m al p e l l e t  was 
washed once  and r e s u s p e n d e d  i n  120 ml d i s t i l l e d  w a t e r .
P h en o l  e x t r a c t i o n  medium was made up by  a d d in g  *-1-00 ml 
1/y SDS in  0 .01  M T r i s  pH 7*^ to  1 Kg p h e n o l ,  and warming
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i n  a w a te r  b a t h  u n t i l  t h e  p h e n o l  had  m e l t e d .  A f t e r  
th o ro u g h  m ix ing  t h e  medium was s t o r e d  i n  th e  c o ld  room.
An e q u a l  volume o f  c o ld  e x t r a c t i o n  medium was added  
to  th e  m ic ro so m al s u s p e n s io n ,  sh ak en  f o r  an h o u r  and th e n  
c e n t r i f u g e d  a t  1 0 ,0 0 0  g f o r  10 m in u te s .  The aqueous 
l a y e r  was removed and th e  p h e n o l i c  l a y e r  was washed w i th  
d i s t i l l e d  w a te r  and r e c e n t r i f u g e d .  The combined aqueous 
l a y e r s  were e x t r a c t e d  tw ic e  more w i th  th e  p h e n o l  m ix tu r e  
and th e n  d i a l y s e d  a g a i n s t  EDTA o v e r n i g h t .  Two volum es 
o f  e th a n o l  were m ixed w i th  th e  aqueous e x t r a c t  and t h e  
p r e c i p i t a t e  o b t a in e d  a f t e r  2h h o u rs  was s e p a r a t e d  b y  
c e n t r i f u g a t i o n ,  washed w i th  e t h a n o l ,  d i s s o l v e d  i n  a 
m in im al volume o f  d i s t i l l e d  w a t e r ,  f r o z e n  and l y o p h i l i s e d .  
100 g r a t  l i v e r  y i e l d e d  a b o u t  0 .7 5  g r ib o s o m a l  RNA.
Most o f  t h e  s o l u b l e  s u p e r n a t a n t  f r a c t i o n  was d i s c a r d e d ,  
b u t  120 ml o f  t h e  f r a c t i o n  was t r e a t e d  i n  p a r a l l e l  w i th  
th e  r e s u s p e n d e d  m ic ro so m al p e l l e t .  T h is  y i e l d e d  21 mg 
n o n --sed im en tab le  RNA.
( I I )  P u r i f i c a t i o n  o f  y e a s t  RNA
A c ru d e  com m erc ia l  p r e p a r a t i o n  o f  y e a s t  RNA, T o r u la  
y e a s t  RNA ty p e  VI was o b ta in e d  a s  t h e  sodium s a l t  from  
Sigma L td .  T h is  was d i s s o l v e d  i n  d i s t i l l e d  w a t e r ,  1 g 
i n  30 m l, to  g iv e  a s t r a w  c o lo u re d  s o l u t i o n .  I t  was 
n e c e s s a r y  t o  n e u t r a l i s e  th e  m ix tu re  w i th  d i l u t e  NaOH i n  
o r d e r  to  c o m p le te ly  d i s s o l v e  t h e  RNA. The s o l u t i o n  was 
e x t r a c t e d  t h r e e  t im e s  w i th  t h e  p h e n o l i c  e x t r a c t i o n  medium, 
d i a l y s e d ,  and t r e a t e d  w i th  e th a n o l .  T h e  p r e c i p i t a t e d  RNA 
d i s s o l v e d  i n  w a te r  and l y o p h i l i s e d ,  e x a c t l y  as  a b o v e .
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A f t e r  c o o l i n g ,  t h e  t i s s u e  was b l o t t e d  d r y  on f i l t e r  p ap o * , 
t r a n s f e r r e d  t o  a  t a r e d  b e a k e r  c o n t a i n i n g  a p p r o x im a te ly  3 
volum es o f  i c e  c o ld  s u c r o s e ,  and  w e ig h ed . I n  some 
p r e p a r a t i o n s ,  t h e  l i v e r  was p e r f u s e d  b e f o r e  rem o v a l w i th  
0 .2 5  M s u c r o s e  c o n t a i n i n g  5mM HaHCO^ (pH 7 * 8 ) .  The t a r e d  
t i s s u e  was c u t  i n t o  s m a l l  p i e c e s  and h om ogen ised .
A. Homogenisation, except where otherwise stated, was 
carried out in a Potter Elvehjem homogeniser with a Teflon 
pestle rotating at 2,000 r.p.m. (0.011” clearance). Six 
pestle strokes were found sufficient for liver, but 
hepatoma often required more for satisfactory dispersion. 
The temperature was kept between 0 - *+° by prechilling 
the homogeniser and keeping the mortar in a salt/ice bath 
during homogenisation. Any non-dispersible connective
-tissue was removed by passing through a coarse strainer 
before the final dilution to a 1 : 10 homogenate. In 
the case of hepatoma the capsule was removed by straining 
and the weight of the tumour tissue determined before 
further dilution by subtracting the weight of the capsule 
left in the sieve from the total weight of the tumour.
B. T is s u e  was a l s o  hom ogen ised  u s i n g  a  n i t r o g e n  p r e s s u r e  
h o m o g e n ise r .  The i n s t r u m e n t  u s e d  i n  t h i s  s t u d y  ( s u p p l i e d  
by  B a s k e r v i l l e  and L in d s a y  L t d . ,  M a n c h e s te r )  was s i m i l a r  
to  t h a t  d e s c r i b e d  by  H u n te r  and Commerford (1 9 6 1 ) ,  b u t
was fitted with an additional electric stirrer, which 
enabled more rapid equilibration. The chilled tissue 
was minced in a small ice cold stainless steel hand press, 
w eighed and then added to 10 volumes of homogenisation
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medium. The s u s p e n s io n  was p la c e d  i n  t h e  p r e s s u r e  
chamber o f  th e  h o m o g e n ise r ,  t h e  whole a p p a r a tu s  h a v in g  
b e en  p r e v i o u s l y  s t o r e d  o v e r n i g h t  i n  t h e  c o ld  room. The 
u p p e r  s e c t i o n  o f  t h e  ho m o g en ise r  was b o l t e d  down u n t i l  
t h e  sy s te m  was g a s - t i g h t ,  and n i t r o g e n  was a d m i t t e d .
Gas p r e s s u r e  and e q u i l i b r a t i o n  t im e  were v a r i e d  o v e r  a 
number o f  e x p e r im e n ts  and th e  optimum was found  t o  be 
900 l b / s q .  in c h  f o r  15 m in u te s  w i th  c o n t in u o u s  s t i r r i n g .
At t h e  end o f  t h i s  t im e  t h e  hom ogenate  was e x p e l l e d  from  
th e  a p p a r a tu s  b y  r e l e a s i n g  th e  p r e s s u r e  and was c o l l e c t e d  
i n  a l a r g e  c o n ic a l  f l a s k .  Some foam ing  o c c u r r e d  on 
p r e s s u r e  r e l e a s e  b u t  t h i s  soon s e t t l e d .
I t  was a t  f i r s t  c o n s id e r e d  t h a t ,  w i th  th e  r a p i d  
r e l e a s e  o f  p r e s s u r e  and w i th  t h e  foam ing  o f  t h e  ho m o g en a te , 
t h e r e  m ig h t be a s i g n i f i c a n t  l o s s  o f  w a te r  by  e v a p o r a t i o n .  
However, when 0 .2 5  M s u c r o s e  was s u b j e c t e d  to  t h e  n i t r o g e n  
p r e s s u r e  t r e a t m e n t ,  t h e r e  was no change  i n  t h e  r e f r a c t i v e  
in d e x  o f  th e  s o l u t i o n  b e f o r e  and a f t e r  t r e a t m e n t .
(V) The, preparation of tissue fractions for zonal
centrifugation
Crude unwashed f r a c t i o n s  w ere p r e p a r e d  b y  d i f f e r e n t i a l  
c e n t r i f u g a t i o n  o f  a 1 : 10 hom ogenate  b a s e d  011 th e  
f r a c t i o n a t i o n  p r o c e d u r e s  o f  de Duve e t _ a l .  (19 55 )•
F u r t h e r  f r a c t i o n a t i o n  o f  t h e s e  h e te r o g e n e o u s  f r a c t i o n s  
was e f f e c t e d  by  z o n a l  c e n t r i f u g a t i o n .  The sam ples  
s u b m i t te d  to  z o n a l  c e n t r i f u g a t i o n  i n  t h i s  s tu d y  w ere 
w hole  hom ogenate  and re s u s p e n d e d  n u c l e a r  f r a c t i o n  i n  an  
A X II  z o n a l  r o t o r ,  and p o s t n u c l e a r  s u p e r n a t a n t  and
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resuspended mitochondrial/lysosomal fraction in an HS-type 
rotor.
Nuclear pellet was prepared by centrifuging sieved 
Potter ElveliJem homogenate from about 2? g of liver for 
10 min at 800 g in an M.S.E. ’Minor1 bench centrifuge.
The pellet was re suspended in homogenising medium using
a hand-operated Teflon/glass homogeniser (Jencons Ltd.). 
Between 20 and 30 ml of the suspension was taken for 
centrifugation on an A XII zonal rotor.
The postnuclear supernatant was the supernatant from 
the above mentioned nuclear pellet. About 20 ml of 
fraction was loaded into the HS zonal rotor.
The mitochondrial/lysosomal pellet was prepared by 
centrifuging the postnuclear supernatant for 15 min at 
15)000 r.p.m. In a 8 x 50 ml angle-head rotor in an 
M.S.E. ’High Speed 18* centrifuge (11,500 g). The 
pellet was resuspended as before and about 20 ml of 
suspension, corresponding to about 9 g of original tissue, 
was loaded into the HS zonal rotor.
3 Zonal Centrifugation
Differential centrifugation of a uniform suspension 
of cell particles gives pellet fractions of mixed 
composition. The purity of the fractions may be 
increased by repeated resuspension and sedimentation but 
this involves loss of material, and when particles are 
similar in size separation becomes less practical. 
Centrifugation in a density gradient greatly improves
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s e p a r a t io n *  The sample i n  low  d e n s i t y  s u s p e n s io n  medium 
i s  l a y e r e d  o n to  th e  to p  o f  t h e  d e n s i t y  g r a d i e n t  and 
d u r in g  c e n t r i f u g a t i o n  t h e  c e l l  p a r t i c l e s  sed im en t i n t o  
th e  g r a d i e n t  i n t o  z o n es  o f  i n c r e a s i n g  d e n s i t y  a t  a r a t e  
d e te rm in e d  b y  t h e i r  p h y s i c a l  c h a r a c t e r i s t i c s ,  th e  d e n s i t y  
o f  t h e  g r a d i e n t ,  th e  c h a r a c t e r i s t i c s  o f  t h e  g r a d i e n t -  
making m a t e r i a l  and th e  c e n t r i f u g a l  f o r c e  a p p l i e d .
A s e p a r a t i o n  o f  a m ix tu re  o f  p a r t i c l e s  b y  s e d im e n ta t io n  
i n t o  a d e n s i t y  g r a d i e n t  can  be a c c o m p lish e d  b y  e i t h e r  
’r a t e - z o n a l  c e n t r i f u g a t i o n ’ , i n  w hich  e a c h  zone c o n ta in s  
p a r t i c l e s  w i th  th e  same s e d im e n ta t io n  c o e f f i c i e n t ,  o r  b y  
’i s o p y c n ic  c e n t r i f u g a t i o n ’ , i n  w hich  a f t e r  a p ro lo n g e d  
c e n t r i f u g a t i o n  p e r i o d  p a r t i c l e s  i n  e a c h  zone have  t h e  
same b u o y a n t  d e n s i t y .
P a r t i c l e s  i n  a c e n t r i f u g a l  f i e l d  se d im e n t  i n  r a d i a l  
s t r a i g h t  l i n e s ,  hen ce  many o f  th e  p a r t i c l e s  c o l l i d e  w i th  
t h e  w a l l  o f  th e  c e n t r i f u g e  tu b e  d u r in g  s e d i m e n ta t io n .
Some a re  r e f l e c t e d  b a ck  i n t o  t h e  medium, b u t  o t h e r s  s t i c k  
t o  t h e  w a l l ,  o r  fo rm  a g g r e g a t e s  w hich  se d im e n t  more 
r a p i d l y .  T h is  ’w a l l  e f f e c t ’ i s  most p ro n o u n ced  w i th  
f i x e d - a n g l e  r o t o r s ,  b u t  i s  s t i l l  c o n s i d e r a b l e  i n  sw in g in g -  
b u c k e t  r o t o r s ,  w hich  a re  n o r m a l ly  u se d  f o r  d e n s i t y  
g r a d i e n t  c e n t r i f u g a t i o n .
D e n s i ty  g r a d i e n t  s e p a r a t i o n  g r e a t l y  r e d u c e s  t h e  
c a p a c i ty  o f  t h e  sy s tem  com pared w i th  d i f f e r e n t i a l  c e n t r i ­
f u g a t i o n ,  and a t  h ig h  sp e ed s  sw in g -o u t  b u c k e t  sy s tem s 
have s e v e re  s t r e n g t h  l i m i t a t i o n s .  F u r th e rm o r e ,  i t  i s  
v e r y  d i f f i c u l t  t o  h a n d le  d e n s i t y  g r a d i e n t s  i n  s m a l l  t u b e s
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w i th o u t  c a u s in g  d i s t u r b a n c e s  i n  th e  g r a d i e n t ,  and so 
cau se  l o s s  o f  r e s o l u t i o n *
N.G. A nderson  and h i s  c o l l o a g u e s  a t  t h e  Oak B idge  
N a t io n a l  L a b o r a t o r i e s  have  d e v e lo p e d  a r a n g e  o f  new r o t o r s  
f o r  d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n .  These ’ z o n a l  
r o t o r s ’ have  s e c t o r i s e d  com partm en ts  i n s t e a d  o f  t u b e s ,  
hence  ’w a l l  e f f e c t s ’ a re  m in im is e d .  The r o t o r s  have  a 
much h i g h e r  c a p a c i t y  th a n  t h e  h ig h  sp eed  s w in g in g -b u c k e t  
r o t o r s ,  and c an  be a p p l i e d  t o  r a t e  o r  i s o p y c n ic  
s e p a r a t i o n ,  A number o f  r o t o r s  have  b e e n  d e v e lo p e d ,  
some o f  w hich  a re  c a p a b le  o f  h ig h  s p e e d s ,  h ence  s e p a r a t i o n s  
may be made o v e r  a wide ra n g e  o f  p a r t i c l e  s i z e s  and 
s e d im e n ta t io n  c h a r a c t e r i s t i c s .  S in c e  t h e  g r a d i e n t  i s  . 
i n t r o d u c e d  i n t o  th e  r o t o r  and r e c o v e r e d  from  th e  r o t o r  
w h i le  t h e  r o t o r  i s  s t i l l  i n  m o tio n ,  th e  g r a d i e n t  i s  
s t a b i l i s e d  and t h e r e  i s  a minimum o f  d i s t u r b a n c e  d u r in g  
r e c o v e r y .  A co m prehensive  r e v ie w  o f  t h e  t h e o r y  and 
a p p l i c a t i o n s  o f  z o n a l  r o t o r s  was f i r s t  p u b l i s h e d  i n  a 
N a t io n a l  C ancer I n s t i t u t e  Monograph e d i t e d  b y  N.G.
A nderson  (1 9 6 6 ) ,  A more r e c e n t  r e v ie w  -  ’S e p a r a t io n s  
w i th  Z onal R o t o r s ’ , e d i t e d  b y  E . R e id ,  was p u b l i s h e d  i n  
1971*
Z onal s e p a r a t i o n s  u s in g  z o n a l  r o t o r s  i n  t h i s  t h e s i s  
have  b e en  r a t e  z o n a l  s e p a r a t i o n s  o f  th e  ’ l a r g e  p a r t i c u l a t e *  
f r a c t i o n s  o f  r a t  l i v e r ,  h ence  o n ly  t h e  low  speed  r o t o r s ,  
nam ely  th e  A X I I  z o n a l  r o t o r  and th e  s m a l l e r  f a s t e r  
v e r s i o n ,  t h e  HS r o t o r  (M .S.E. L t d . )  have  b e e n  u s e d .
These ©re s i m i l a r  t o  th e  ’A’ s e r i e s  r o t o r s  d e v e lo p e d  b y
A nderson . B o th  r o t o r s  a re  b a s i c a l l y  o f  s i m i l a r  d e s i g n ,  
th e  m ost im p o r ta n t  d i f f e r e n c e s  b e in g  t h e i r  c a p a c i t y  and  
ru n n in g  s p e e d s .
F ig u re  2 •1  shows th e  c r o s s - s e c t i o n  o f  an HS z o n a l  
r o t o r  (M .S .E . L td . ) *  As i n  a l l  b a t c h  z o n a l  r o t o r s ,  t h e  
i n t e r i o r  o f  a c y l i n d r i c a l  r o t o r  i s  d iv id e d  i n t o  s e c t o r i s e d  
com partm ents  b y  f o u r  v a n e s  e x te n d in g  from  th e  c o re  t o  
w i t h i n  1 mm o f  th e  r o t o r  w a l l .  The h e a d  a s se m b ly ,  th e  
r o t o r y  f l u i d  s e a l ,  t h e  r o t o r  c o re  and t h e  v a n e s  p r o v id e  
two p a th s  b y  w hich  f l u i d  may be pumped t o  t h e  c e n t r e  o r  
t o  t h e  w a l l  o f  th e  r o t o r .  D uring  l o a d in g  and u n l o a d i n g ,  
th e  r o t o r  i s  r o t a t i n g  w h i le  th e  h e a d  a sse m b ly  re m a in s  
s t a t i o n a r y .
( I I )  O p e r a t i o n a l  t e c h n iq u e s  f o r  t h e  HS and A X II  ty p e  
z o n a l  r o t o r s
 The H S -type  z o n a l  r o t o r  r u n s  i n  a ’H igh Speed 1 8 1
r e f r i g e r a t e d  c e n t r i f u g e  (M .S .E . L t d . ) .  The r o t o r  was 
p r e c o o le d  i n  t h e  c o ld  room o v e r n ig h t  and th e  m a t e r i a l s  
and c e n t r i f u g e  were m a in ta in e d  b e low  5° th r o u g h o u t  th e  
r u n .  The g r a d i e n t  w hich  was p r e c o o le d  b y  p a s s i n g  th r o u g h  
a s t a i n l e s s  s t e e l  c o i l  im m ersed i n  a s a l t / i c e  m ix t u r e ,  
was i n t r o d u c e d  i n t o  th e  r o t o r  d u r in g  r o t a t i o n  a t  low  
speed  ( 1 ,5 0 0  -  1 ,8 0 0  r . p . m . ) ,  t h e  l i g h t  ond o f  t h o  g r a d i e n t  
b e in g  pumped t o  th e  r o t o r  edge f o l lo w e d  b y  more den se  
su c ro se  s o l u t i o n ,  so d i s p l a c i n g  th e  l i g h t e r  end to w a rd s  
t h e  r o t o r  c o re  and d i s p l a c i n g  a i r  o u t  o f  t h e  r o t o r  t h r o u g h  
th e  c e n t r e  l i n e .  About $b0  ml o f  g r a d i e n t  were u s u a l l y  
lo a d e d ,  and t h i s  was fo l lo w e d  b y  an  ’u n d e r l a y ’ o r  
c u s h io n  o f  d ense  su c ro se  s o l u t i o n  (2  M) u n t i l  th e
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F ig u re  2 .1  C r o s s - s e c t i o n  o f  M.S.E, HS z o n a l  r o t o r
( k i n d l y  p r o v id e d  b y  M.S.E. L t d . )
Key t o  F ig u re  2 .1
I te m  D e s c r i p t i o n
1 Lower r i n g
2 Upper r i n g
3 S p in d le
h O - r in g s
5 S e p ta  a ssem b ly  -  f o u r  v a n es
6 T r a n s p a r e n t  p l a t e s
7 Clamping r i n g
8 F r i c t i o n  w asher
9 Clamping n u t
10 Guard t r a y
11 Guard c e n t r a l i s i n g  sc rew  and h e i g h t
a d ju s tm e n t
12 Feed  h e ad  lo c k
13 Guard t r a y  s u p p o r t  p l a t e
l k  Feed  head  a ssem b ly
15 R o ta t in g  f l u i d  s e a l
- 1 2 9  -
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FIGURE 2 d
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l i g h t  end o f  t h e  g r a d i e n t  emerged from  t h e  c e n t r e  l i n e .  
About 20 ml o f  t i s s u e  sam ple  was th e n  lo a d e d  i n t o  t h e  
c e n t r e  o f  t h e  r o t o r  v i a  th e  c e n t r e  l i n e ,  so  r e v e r s i n g  t h e  
f lo w  and d i s  p l a c i n g  u n d e r l a y  from  t h e  r o t o r  ed g e . A 
f u r t h e r  50 ml o f  low d e n s i t y  ‘o v e r l a y ’ (0 .0 8  M s u c r o s e )  
d i s p l a c e d  th e  sam ple  band away from  t h e  c o re  and i n t o  th e  
r o t o r  cham ber. The f lo w  l i n e s  w ere  th e n  c lam ped , t h e  s e a l  
removed and th e  r o t o r  a c c e l e r a t e d  t o  9?000 r . p .m .  ( 1 3 ,0 0 0  g  
m ax .)  and m a in ta in e d  a t  t h i s  sp e e d  f o r  t h e  r e q u i r e d  l e n g t h  
o f  t im e  -  u s u a l l y  *+5 m in.
A f t e r  d e c e l e r a t i o n  to  low  sp e ed  t h e  s e a l  was r e p l a c e d
and t h e  g r a d i e n t  was pumped o f f  u s i n g  th e  h ig h  d e n s i t y  
(2 M) s u c r o s e  as t h e  d i s p la c e m e n t  s o l u t i o n .  18 ml 
f r a c t i o n s  were c o l l e c t e d  by  hand  from  th e  c e n t r e  l i n e .
The o p e r a t i o n a l  t e c h n iq u e  u s i n g  t h e  A X I I  r o t o r  was 
v e r y  s i m i l a r  to  t h a t  o f  th e  HS r o t o r . . The low  ru n n in g  
sp eed  f o r  lo ad in g , and u n lo a d in g  was 400 r .p .m * ,  and th e  
r o t o r  was a c c e l e r a t e d  to  4 ,0 0 0  r . p . m .  (3 ,1 3 0  & m a x . ) ,  
u s u a l l y  f o r  60 m in . With t h e  A X II  r o t o r  t h e  s e a l  re m a in e d  
i n  p o s i t i o n  th ro u g h o u t  t h e  r u n .  B ecause  o f  t h e  l a r g e r ,  
s i z e  o f  t h i s  r o t o r ,  i t  was foun d  n e c e s s a r y  to  c o n n e c t  t h e  
c e n t r e  l i n e  t o  a  r e s e r v o i r  o f  w a te r  b e f o r e  a c c e l e r a t i o n  to  
com pensa te  f o r  r o t o r  e x p a n s io n  a t  h i g h  s p e e d .  40 ml 
f r a c t i o n s  w ere  c o l l e c t e d  u s i n g  a  v o lu m e t r i c  f r a c t i o n  
c o l l e c t o r  ( C e n t r a l  I g n i t i o n  C o .)  p l a c e d  i n  t h e  c o l d .  
A d d i t i o n a l  m o n i to r in g  equipm ent was u s e d  when t h i s  was 
a v a i l a b l e .  I n  o r d e r  to  ch eck  t h e  .shape o f ,  t h e  g r a d i e n t ,  
t h e  r e f r a c t i v e  in d e x  o f  t h e  i n f lo w in g  and o u t f lo w in g
g r a d i e n t  was m o n i to re d  b y  p a s s i n g  th ro u g h  a f lo w  c e l l  
(M566) i n  a H i l g e r  and W atts  r e c o r d i n g  r e f r a c t o m e t e r  
(L a b o r a to r y  model M550)* 3h o t h e r  e x p e r im e n ts  t h e  
r e f r a c t i v e  in d e x  o f  th e  f r a c t i o n s  was ch ecked  m a n u a l ly  
u s in g  an Abbe r e f r a c t o m e t e r  (B e ll in g h am  and S t a n l e y ) .
The t e m p e r a tu r e  o f  t h e  g r a d i e n t  m a t e r i a l  was f o l lo w e d  
d u r in g  l o a d in g  u s in g  a t e m p e r a tu r e  p robe  i n  th e  f l o w  l i n e  
(G allenkam p L t d . ) .  On o c c a s i o n s ,  t h e  u n lo a d e d  g r a d i e n t  
was m o n ito re d  a t  650 nm b y  p a s s in g  th ro u g h  a f lo w - th r o u g h  
c e l l  i n  a U n ican  SP 800 r e c o r d i n g  s p e c t r o p h o to m e te r  i n  
o rd e r  t o  d e t e c t  t h e  s e p a r a t e d  components*
( I I I )  G r a d ie n t  m aker and g r a d i e n t  d e s ig n
S u c ro se  s o l u t i o n s  f o r  hom o g en is in g  medium and g r a d i e n t
making were b u f f e r e d  w i th  0 .0 0 5  M T r i s  pH 7*^ t o  r e d u c e  
th e  r i s k  o f  a g g r e g a t i o n  o f  p a r t i c l e s .
B ecause  o f  t h e ' l a r g e  c a p a c i t y  o f  z o n a l  r o t o r s  and
th e  s t a b i l i t y  o f  g r a d i e n t s  i n  t h e s e  r o t o r s ,  i t  was p o s s i b l e
t o  d e s ig n  much more com plex g r a d i e n t s  t h a n  th o s e  u s e d  i n  
c o n v e n t io n a l  sw in g -o u t  r o t o r  s m a l l  tu b e  g r a d i e n t  c e n t r i ­
f u g a t i o n ,  The g r a d i e n t  maker u s e d  was a s im p le  m achine  
d e v is e d  b y  H in to n  and D o b ro ta  (1969 )5 w hich  was c a p a b le  
o f  g iv in g  a wide ra n g e  o f  g r a d i e n t  p r o f i l e s ,  whose s h a p e s  
c o u ld  be p r e d i c t e d  m a th e m a t i c a l ly  and were r e a d i l y  
r e p r o d u c e a b l e •
The p.ump, u s e d  was a Micropump s e r i e s  two (F .A . Hughes 
L td .) ,  f i t t e d  w i th  two lo n g  s t r o k e  pumping h e a d s  w o rk in g  
i n  p a r a l l e l 5 th e  pumping r a t e s  b e in g  r e g u l a t e d  s e p a r a t e l y  
b y  m ic ro m e te r  a d ju s tm e n t s .  A known volume o f  b u f f e r e d
s u c ro s e  s o l u t i o n  c o r r e s p o n d in g  i n  d e n s i t y  t o  th e  l i g h t  
end  o f  t h e  g r a d i e n t  was m ixed i n  th e  m ix ing  v e s s e l  u s in g  
a V ibrom ix  s t i r r e r  ( B r a u n ) . Dense s u c ro s e  was pumpqd 
f rom  a r e s e r v o i r  i n t o  t h e  m ix in g  v e s s e l  and th e  g r a d i e n t  
fo rm ed  was pumped v i a  t h e  second  pump h e a d  from  t h e  m ix in g  
v e s s e l  th r o u g h  th e  f lo w  r e f r a c t o m e t e r  i n t o  t h e  r o t o r .
H in to n  and D obro ta  showed m a th e m a t i c a l ly  t h a t  an 
i n f l o w / o u t f l o w  r a t i o  o f  0 .5  gave a l i n e a r  g r a d i e n t  w i th  
r e s p e c t  t o  vo lum e. When t h e  pumping r a t e s  o f  t h e  two 
h e a d s  were e q u a l ,  t h e n  an  e x p o n e n t i a l  g r a d i e n t  was 
p ro d u c e d .  R a t i o s  from  0 .5  t o  1 gave g r a d i e n t s  o f  
i n c r e a s i n g  c o n v e x i ty ,  and b e lo w  0 .5  gave concave g r a d i e n t s ,  
how ever ,  o n ly  v e r y  s h o r t  concave  g r a d i e n t s  were p o s s i b l e  
b e c a u se  o f  t h e  r a p i d  em p ty ing  o f  th e  v e s s e l ,  and w i th  
s m a l l e r  vo lum es i n  th e  m ix in g  v e s s e l ,  m ix ing  was v e p y  
d i f f i c u l t .
A f t e r  a number o f  t r i a l  HS r u n s  u s in g  d i f f e r e n t  
shaped  g r a d i e n t s  ( s e e  C h a p te r  f o u r ) ,  t h e  f o l l o w in g  
g r a d i e n t  was fo u n d  t o  be t h e  m ost s a t i s f a c t o r y  f o r  t h e  
s e p a r a t i o n  o f  r a t  l i v e r  ly so so m e s  and p e ro x is o m e s  fro m  
m icrosom es and m i to c h o n d r i a .  The m ix ing  v e s s e l  c o n ta in e d  
400 ml 0 .3  M s u c r o s e .  The s o l u t i o n  t o  be pumped i n t o  
th e  m ix ing  v e s s e l  was 2 M s u c r o s e .  The i n f l o w / o u t f l o w  
r a t i o  was s e t  a t  0 .5  and 400 ml o f  l i n e a r  g r a d i e n t  w ere  
pumped i n t o  th e  r o t o r .  When 400 ml o f  g r a d i e n t  h a d  
b e e n  l o a d e d ,  i . e . ,  t h e  volume i n  t h e  m ix ing  v e s s e l  h a d  
fallen to 200 m l, th e  pumping r a t e s  were e q u a l i s e d  ( r a t i o  
1,0) and lyo . ni o f  e x p o n e n t i a l  g r a d i e n t  was l o a d e d .
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The 2 M siKsrose c u s h io n  ' ( a h o u t  150 m l) was t h e n  pumped 
i n ! d i r e c t l y  t o  f 11*1 th e  r o t o r .
E a r l y  ex perim en ts-  u s in g  t h e  A XXI z o n a l  r o t o r  i n  an  
a t t e m p t  t o  s e p a r a t e  ly so so m e s  u s e d  a more com plex g r a d i e n t  
h u t  w i th  th e  p r o d u c t i o n  o f  th e  HS r o t o r ,  w hich  i s  b e t t e r  
s u i t e d  f o r  t h i s  s e p a r a t i o n > t h e s e  e x p e r im e n t s  w ore n o t  
c o n t in u e d .  The A X II  r o t o r  was subsequently u s e d  f o r  
th e  p r e p a r a t i o n  o f  p u r i f i e d  p lasm a  membrane and th e  
g r a d i e n t  u s e d  i n  t h e s e  p re p a ra t io n s  was a s  f o l lo w s ;
The m ix ing  v e s s e l  i n i t i a l l y  c o n ta in e d  250 ml 0 .2 5  M
s u c r o s e .  With an  i n f l o w / o u t f l o w  r a t i o  o f  1 . 0 ,  800 ml o f
1 .1 8  M s u c ro s e  and MD0 ml o f  2 M s u c ro s e  were s e q u e n t i a l l y
added t o  th e  m ix ing  v e s s e l .  The 2 M s u c r o s e  c u s h io n  was
lo a d e d ,  b y - p a s s i n g  th e  m ix in g  v e s s e l ,  t o  f i l l  t h e  r o t o r .
T h is  g r a d i e n t  h a s  a l s o  b e e n  u se d  b y  o t h e r  w o rk e rs  i n
t h i s  l a b o r a t o r y , e . g . ,  H in to n , N o r r i s  and R e id  (197°).....
(IV) S u c ro se  d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  i n  s m a l l  
’ -thbpjs.
Sam ples f rom  z o n a l  r a t e  s e d im e n ta t io n  s e p a r a t i o n s  
were som etim es s u b m i t te d  t o  i s o p y c n ic  d e n s i t y  g r a d i e n t  
c e n t r i f u g a t i o n  i n  s m a l l  tu b e  s . The g r a d i e n t s  h ad  a 
t o t a l  volume o f  18 -  20 m l. They were l i n e a r  g r a d i e n t s  
u s u a l l y  b e tw ee n  1 and 2 M s u c ro s e  ( c o n t a i n i n g  0 .005  M 
T r i s  pH 7 . 8 ) ,  p r e p a r e d  u s in g  an M .S.E. s m a l l  g r a d i e n t  
maker l i n k e d  t o  a T echn ico n  m u l t i p l e  p e r i s t a l t i c  pump, 
h e n c e , . t h r e e  id e n t ic a l  g r a d i e n t s  c o u ld  be p r e p a r e d  
s i m u l t a n e o u s ly .  Sample volume added t o  t h e  g r a d i e n t  
was ab o u t 2 ml ( r e s u s p e n d e d  sample i n  Q.25 M s u c r o s e )  
and c e n t r i f u g a t i o n  was i n  a 3 x  25 ml s w in g -o u t  r o t o r
i n  a Super Speed !5 0 ! (M .S.E.) c e n t r i f u g e  a t  3 5 3000 r . p . m .  
f o r  a t  l e a s t  2 h o u r s .  A f t e r  c e n t r i f u g a t i o n ,  2 ml 
f r a c t i o n s  were c o l l e c t e d  b y  d is p la c e m e n t  u s in g  a s i m i l a r  
d e v ic e  t o  t h a t  u s e d  by  L e ig h to n  e t  a l . ( 1968) .  The 
c e n t r i f u g e  tu b e  was f i t t e d  w i th  a c o n i c a l  p e r s p e x  bu n g .
2 M s u c ro s e  was pumped u s in g  an  L .K .B . p e r i s t a l t i c  pump 
( ty p e  10200) ,  v i a  a lo n g  n e e d l e ,  th ro u g h  th e  bung t o  
th e  b a se  o f  t h e  tu b e  so d i s p l a c i n g  t h e  g r a d i e n t  th ro u g h  
t h e  f lo w  l i n e  from  th e  apex  o f  th e  b u n g . F r a c t i o n s  
were c o l l e c t e d  b y  h a n d . The f lo w  r a t e  was s u f f i c i e n t l y  
c o n s t a n t  f o r  t h e  f r a c t i o n  volume t o  be a s s e s s e d  b y  t im e .
h- P r e p a r a t i o n  o f  Sephadox Gel Columns and th e  P ro c e d u re
f o r  Column Runs
G els  were a l lo w e d  t o  s w e l l  i n  e x c e s s  d i s t i l l e d  w a te r  
and l o f t  t o  s t a n d  f o r  a t  l e a s t  t h r e e  days i n  t h e  c o ld  room
b e f o r e  u s e . The i n i t i a l s w e l l i n g  o f  t h e  g e l  s l u r r y  w as-----
p e rfo rm ed  on a b o i l i n g  w a te r  b a t h ;  t h i s  r e d u c e d  th e  
number o f  a i r  b u b b le s  t r a p p e d  i n  t h e  s l u r r y  a s  t h e s e  
cause  uneven  f lo w  r a t e s  when th e  columns have b e e n  p a c k e d .
Columns were pack ed  i n  e i t h e r  v e r t i c a l  g l a s s  t u b e s  
w i th  a s i n t e r - g l a s s  d i s c  ( p o r o s i t y  1 ) f u s e d  a c r o s s  one 
end t o  s u p p o r t  th e  g e l  o r  i n  t h e  s p e c i a l  Sephadox 
l a b o r a t o r y  columns (P h a rm a c ia ,  Sw eden), I n  t h e  l a t t e r  
th e  column bed  was s u p p o r te d  on a n y lo n  f a b r i c  s u p p o r t  
and th e  m ix ing  chamber on th e  o u t l e t  o f  t h e  column was 
v e r y  much r e d u c e d ,  so m in im is in g  r e m ix in g .
The p ro c e d u re  f o r  p a c k in g  columns was recommended 
b y  Pharm acia  L td .  A n a rro w  p ie c e  o f  t u b i n g ,  t h e  l e n g t h  
o f  th e  co lum n, was f i t t e d  t o  t h e  o u t l e t  o f  ..the> v e r t i c a l l y
m ounted colum n w hich  was th e n  p a r t l y  f i l l e d  w ith  b u f f e r  -  
u s u a l ly  0 .0 5  M T r is  a t  pH The o u t l e t  was c lo s e d
and a i r  b u b b le s  rem oved fro m  under tli© nylon m esh; th e  
colum n was f i l l e d  w ith  th e  Sephadex s l u r r y  d i l u t e d  w ith  
b u f f e r  and g e n t ly  s t i r r e d  t o  rem ove any  a i r  b u b b le s ;  
th e  o u t l e t  was opened and p o s i t io n e d  t o  a llo w  th e  s o lv e n t  
t o  f lo w  o u t s lo w ly  w h ile  th e  re m a in in g  s l u r r y  was s lo w ly  
added t o  th e  co lum n. As th e  g e l  b ed  was p ack ed  th e  
o u t l e t  tu b e  was lo w ered  and th e  o p e r a t in g  p r e s s u r e  
i n c r e a s e d .  The a d d i t i o n  o f  s l u r r y  was c o n tin u e d  u n t i l  
th e  r e q u i r e d  b ed  h e ig h t  was o b ta in e d .  The u p p e r s u r f a c e  
o f  th e  bed  was p r o t e c te d  b y  a c i r c u l a r  p ie c e  o f  f i l t e r  
p a p e r  o r b y  a n y lo n  n e t  1 sam ple a p p l i c a t o r 1 (P h a rm a c ia ) .
A s o lv e n t  r e s e r v o i r  was c o n n e c te d  to  th e  to p  o f  th e  colum n 
and th e  f lo w  r a t e  m a in ta in e d  a t  a f a t e  o f  a p p ro x im a te ly  
30 m l/h r  f o r  up to  2 d ays b y  w hich  tim e  th e  b ed  had  
s e t t l e d  t o  a c o n s ta n t  h e ig h t .
F o r f u r t h e r  d e t a i l s  a b o u t Sephadex g ra d e ,  b a tc h  
num ber, colum n d im e n s io n s , b u f f e r  c o n c e n t r a t i o n s ,  f lo w  
r a t e s  and ru n n in g  te m p e ra tu re  see  th e  a p p r o p r ia te  t e x t  
and F ig u re  le g e n d s .
The e v e n n e ss  o f  th e  colum n p a c k in g  was checked  b y  
fo l lo w in g  th e  p a s sa g e  o f a band  o f  c o lo u re d  su b s ta n c e  
such  as  B lue  D e x tra n  2 ,0 0 0  (P h a rm a c ia ) . Most o f  th e  
e lu e n t  above th e  g e l  bed  was rem oved b y  s u c t io n  and th e  
sam ple s o l u t io n  was a p p l ie d  to  th e  to p  o f  th e  colum n b y  
l a y e r in g  u n d e r  th e  re m a in in g  b u f f e r  w i th o u t  d i s t u r b in g  
th e  s u r f a c e  o f  th e  colum n. The d e n s i ty  o f  th e  sam ple
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s o l u t io n  was in c r e a s e d  b y  th e  a d d i t i o n  o f  s u c ro s e  w henever 
n e c e s s a r y  -  a b o u t 30 m g/m l. Once th e  sam ple h a d  d r a in e d  
i n t o  th e  g e l  th e  colum n was f i l l e d  and c o n n e c te d  to  an  
e lu e n t  r e s e r v o i r  f i t t e d  w ith  a c o n s ta n t  h ead  d e v ic e .
Flow  r a t e  was a d ju s te d  b y  th e  p o s i t i o n  o f  th e  r e s e r v o i r .  
E x c e p t w here o th e rw is e  s t a t e d  e x p e r im e n ts  w ere p e rfo rm ed  
w ith  colum ns e q u i l i b r a t e d  w i th  0 ,0 5  M T r is /H C l b u f f e r  pH 
7 .^ )  a t  a f lo w  r a t e  o f  a p p ro x im a te ly  3 °  m l/h r  and a t  
room te m p e ra tu re .  F r a c t io n s  w ere c o l l e c t e d  b y  tim e  o r  
b y  volum e u s in g  a t im e r  o r  syphon l in k e d  t o  a f r a c t i o n  
c o l l e c t o r  ( C e n t r a l  I g n i t i o n  C o .) .
T o ta l  volume (V^) o f  th e  g e l  was c a l c u l a t e d  from  th e  
d im e n sio n s  o f  th e  colum n and th e  v o id  volum e (V ) 3 o r  
dead  v o lu m e5 th e  volum e o f  th e  i n t e r s t i t i a l  l i q u i d  b e tw een  
th e  g e l  g r a in s  i n  th e  bed  was d e te rm in e d  a s  th e  e l u t i o n  
volum e f o r  a s u b s ta n c e c o m p le te ly  e x c lu d e d  from  th e  g e l ,  
e . g . 3 B lue  D e x tra n  2 ,0 0 0 . V0 was th e  e l u t i o n  volum e f o r  
a s p e c i f i c  p e a k . Hence th e  p a r t i t i o n  c o e f f i c i e n t  f o r  a 
p a r t i c u l a r  sam ple p eak  b e tw een  th e  m ob ile  l i q u i d  p h a se  and 
th e  s t a t i o n a r y  g e l  p h ase  may be d e te rm in e d  fro m  th e  fo rm u la :
KAv = ve - vv 
Vt  -  Vv
5 A ssay P ro c e d u re s
A. P r o t e in
0 ,5  ml a l i q u o t s  w ere d ig e s te d  w ith  0 .5  ml o f  IN NaOH 
a t  37°  and p r o t e i n  was a s s a y e d  i n  th e  c l e a r  d i g e s t  b y  th e
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m anual m ethod o f  Lowry e t  a l . (1951), o r ,  i n  l a t e r  s t u d i e s ,  
b y  an a d a p t io n  o f  t h i s  m ethod to  th e  T ech n ico n  A u to A n a ly se r 
(jS& hael and S c h u e l, 1967) .  S ta n d a rd s  w ere a s sa y e d  i n  
p a r a l l e l  u s in g  b o v in e  serum  a lb u m in , and th e  p r o t e i n  
c o n te n t  o f  e x p e r im e n ta l  sam p les was e s t im a te d  g r a p h i c a l l y ,  
s in c e  th e  c o lo u r  r e a c t i o n  i s  n o t  l i n e a r  w ith  p r o t e i n  
c o n c e n t r a t io n  (H in to n , 1970). L a te r  i n  th e  s tu d y , th e  
A u to A n a ly se r m ethod was a d a p te d  by  H in to n  (1970), i n  t h i s  
l a b o r a to r y ,  t o  in c lu d e  th e  p r e l im in a r y  d i g e s t i o n  o f  th e  
sam p le .
S in ce  z o n a l  f r a c t i o n s  a re  r e l a t i v e l y  d i l u t e ,  0 .5  ml 
a l i q u o t s  o f  z o n a l  f r a c t i o n s  w ere u s u a l ly  ta k e n  w i th o u t  
f u r t h e r  d i l u t i o n ,  such  a s  was o f t e n  n e c e s s a r y  when more 
c o n c e n tr a te d  sam ples w ere to  be a s sa y e d  f o r  p r o t e i n .
The m anual m ethod o f  Lowry e t  a l . (1951) in v o lv e s  
th r e e  r e a g e n t s .  R eag en t A was 2$ Na2C0^ i n  0 ,1  N NaOH, 
and B was 0 .5 $  C u S O i^ ^ O  i n  1$ p o ta s s iu m  t a r t r a t e .
R eagen t C was made up f r e s h  f o r  e a c h  b a tc h  o f  a s s a y s  
and c o n ta in e d  50 p a r t s  o f  A and 1 p a r t  o f  B , R eag en t D 
was d i l u t e d  F o l in - C io c a l t e u  p h e n o l r e a g e n t .  1 ml o f  
r e a g e n t  C was added t o  0 .5  ml o f  p r o t e i n  d i g e s t ,  m ixed 
and s to o d  f o r  10 m in u te s . 0 .1  ml o f  D was added and 
im m e d ia te ly  m ixed . The e x t i n c t i o n  was r e a d  a f t e r  30
m in u te s  a t  750 nm. B ovine serum  a lb u m in  was u se d  a s
a s ta n d a r d .
B. N u c le ic  a c id s,
The sam ple was p r e c i p i t a t e d  w ith  an e q u a l  volum e o f  
10$ PGA i n  th e  p re s e n c e  o f  2 .5  mg/ml c a s e in  t o  a c t  a s
-  138 -
c a r r i e r .  The n u c le o p r o te in  was sp u n  down, w ashed 5 t im e s  
w ith  5$ PCA to  rem ove e v e ry  t r a c e  o f  s u c r o s e ,  and  th e n  
e x t r a c t e d  b y  h y d r o ly s i s  tw ic e  w ith  (80° )  h o t  5$ PGA f o r  
15 m in u te s .  R ib o se  and  d e o x y r ib o s e  w ere th e n  e s t im a te d  
by  s p e c i f i c  c o lo u r  r e a c t i o n s .
DNA was e s t im a te d  b y  an  a d a p t io n  (T u rn e r ,  1 9 6 6 ) o f  
th e  m ethod o f  B u rto n  (1 9 5 6 ); One volum e o f  d i l u t e d  
e x t r a c t  was m ixed w ith  two volum es o f  1 . 5$ d ip h e n y la m in e  
i n  g l a c i a l  a c e t i c  a c id  (L a b o ra to ry  g ra d e )  c o n ta in in g  
1 .5 $  c o n e , s u lp h u r i c  a c id *  Tubes w ere l e f t  i n  t h e  d a rk  
f o r  two days b e fo r e  re d d in g  th e  e x t i n c t i o n  a t  600 nm. 
H e r r in g  sperm  DNA o f  known p h o sp h a te  c o n te n t  was u s e d  
as  s t a n d a r d .
The r ib o s e  c o n te n t  o f  th e  h o t  a c id  e x t r a c t s  was 
e s t im a te d  b y  m ix in g  w ith  an e q u a l  volum e o f  0 . 5$ o r c i n o l  
d i s s o lv e d  i n  c o n c . HC1 c o n ta in in g  0 .0 0 7 $  CUCI2 and  h e a t in g
to  100° f o r  30 m in u te s .  A f te r  c o o l in g ,  th e  e x t i n c t i o n ___
a t  665 nm was m easu red  (T u rn e r , 1966) .  Y e a s t RNA o f  
known p h o sp h a te  c o n te n t  was u s e d  a s  s t a n d a r d .  The 
r e a c t i o n  i s  n o t  c o m p le te ly  s p e c i f i c  f o r  r i b o s e  and  any  
d e o x y r ib o s e  ( o r  s u c r o s e )  p r e s e n t  i n t e r f e r e s  w ith  th e  
e s t im a t io n .  H ow ever, f o r  th e  p u rp o s e s  o f  t h i s  s tu d y  i t  
was n o t  fo u n d  n e c e s s a r y  to  c o r r e c t  t h e  e x p e r im e n ta l  v a lu e s  
f o r  d e o x y r ib o s e  ( e . g . ,  F le c k  and B egg, 1965)#
(II) Enzyme assays 
A Acid and alkaline ribonuclease
RNases w ere a s s a y e d  b y  m ethods b a se d  on th o s e  u s e d  by  
R e id  e t  a l . (196^) w hich  in v o lv e d  th e  s p e c t r o p h o to m e tr ic  
m easu rem en t o f  a c i d - s o l u b le  d e g ra d a t io n  p ro d u c ts
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o f  RNA. A cid RNase a c t i v i t y  was r o u t i n e l y  r e l e a s e d  b y  
snap f r e e z e - th a w in g  i n  a d ry  i c e /C e l lo s o lv e  m ix tu re ,  
u s u a l ly  s i x  t im e s .  E a r ly  i n  t h i s  s tu d y ,  s in c e  a c id  and 
a lk a l in e  RNase were r o u t i n e l y  a s sa y e d  i n  p a r a l l e l ,  th e  
same f r e e z e - th a w e d  sam ple was u se d  i n  b o th  a s s a y s ,  b u t  
i n  l a t e r  s t u d i e s  i t  was som etim es p r e f e r a b l e  to  u se  a 
sam ple n o t  so t r e a t e d  when a s s a y in g  th e  a lk a l i n e  enzym e.
The a c id  RNase in c u b a t io n  medium i n i t i a l l y  c o n ta in e d  
0 ;bj- mi o . l  M d im e th y lg lu ta r a te  b u f f e r  (DMG) a t  pH 5 * 6 , 
0 .5  ml z o n a l  f r a c t i o n  a f t e r  f r e e z e - th a w in g  
0 .1  ml 10 mg/ml p u r i f i e d  RNA,
F r a c t io n s  o b ta in e d  from  z o n a l c e n t r i f u g a t i o n  w ere 
u s u a l ly  f a i r l y  d i l u t e ,  h ence  th e  l a r g e  sam ple vo lum e.
When a s s a y in g  more c o n c e n tr a te d  m a t e r i a l ,  th e  sam ple was 
d i l u t e d  t o  a b o u t 20 rag/sam ple p r o t e i n  p e r  a s s a y .
L a te r  i n  th e  s tu d y , MgCl2 ( o r  EDTA) was a l s o  in c lu d e d  
i n  th e  in c u b a t io n  medium and was d i s s o lv e d  i n  th e  b u f f e r  
to  g iv e  a f i n a l  c o n c e n t r a t io n  o f  2 .5  mM i n  th o  in c u b a t io n  
m ix tu re .  The b u f f e r ,  sam ple and a c t i v a t o r  were m ixed i n  
a 10 ml t e s t  tu b e ,  and th e  r e a c t i o n  was s t a r t e d  b y  th e  
a d d i t i o n  o f  th e  s u b s t r a t e .  The w hole in c u b a t io n  m ix tu re  
was im m e d ia te ly  th o ro u g h ly  m ixed on a !W h ir l im ix ! and 
p la c e d  i n  a sh a k in g  w a te r  b a th  a t  37°• A ssays and 
s u b s t r a t e  b la n k s  were in c u b a te d  f o r  31 o r  61 m in u te s ,  
and r e a g e n t  b la n k s  f o r  1 m in u te . The r e a c t i o n  was 
s to p p e d  b y  th e  a d d i t i o n  o f  1 .5  ml i c e  c o ld  10$ p e r c h l o r i c  
a c id  (W/V) c o n ta in in g  0 .2 5 $  u r a n y l  a c e t a t e  (W /V), .A fte r 
im m ediate  m ix in g , th e  tu b e s  w ere p la c e d  i n  i c e  f o r  10
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m in u te s , and th e n  c e n t r i f u g e d  a t  a b o u t 1 0 ,0 0 0  g  f o r  5 
m in u te s , a l s o  i n  th e  c o ld  w henever p o s s i b l e ,  The c l e a r  
s u p e r n a ta n t  was d e c a n te d  and a f t e r  s u i t a b l e  d i l u t i o n  th e  
a b s o r p t io n  a t  260 nm was m easu red  u s in g  an tUnicam SP 5 0 0* . 
L a te r  i n  th e  s tu d y , an a u to m a tic  sam p lin g  d e v ic e  ( !Unicam 
S P % 0 T) was l in k e d  to  th e  sp e c tro p h o to m e te r , and r e a d in g s  
were r e c o rd e d  on a c h a r t  r e c o r d e r ,
• • The tim e  b e tw een  s to p p in g  th e  r e a c t i o n  and c e n t r i ­
f u g a t i o n ,  and th e  c e n t r i f u g a t i o n  t im e , w ere b o th  fo u n d  t o  
be c r i t i c a l ,  b u t  once th e  s u p e r n a ta n t  h ad  b e en  d e c a n te d ,  
th e  sam ple c o u ld  be s to r e d  i n  th e  f r o z e n  s t a t e  b e fo r e  
s p e c t ro p h o to m e tr ic  m easurem ent w ith o u t  l o s s  o f  r e p r o d ­
u c i b i l i t y  ( s e e  a l s o  F i e r s ,  1961 ) .
W henever p o s s i b l e ,  RNase a s s a y s  wore p e rfo rm ed  i n  
d u p l ic a te  o r  t r i p l i c a t e  and th e  r e s u l t s  a v e ra g e d .
A lk a lin e  RNase was a s sa y e d  b y  a s i m i l a r  p r o c e d u r e , 
th e  DMG b e in g  r e p la c e d  b y  0 .2 5  M T r i s  b u f f e r  a t  pH 7*8 , 
w hich u s u a l ly  c o n ta in e d  0 ,0 0 5  M pCMB t o  i n a c t i v a t e  
a lk a l i n e  EMase i n h i b i t o r ,  th e  RNA c o n c e n t r a t io n  was 
in c r e a s e d  t o  2 mg RNA p e r  1 ml a s s a y  medium. L a te r  i n  
th e  s tu d y  a lk a l i n e  RNase was r o u t i n e l y  a s s a y e d  w ith  
e i t h e r  2 .5  mM MgCl^ o r  2 .5  EDTA i n  th e  in c u b a t io n  
medium.
F i e r s  (1961) h a s  r e p o r t e d  d i f f e r e n c e s  i n  p r e c i p i t -  
a b i l i t y  o f  s o lu b le  d e g ra d a t io n  p r o d u c ts  o f  RNA i n  th e  
p re s e n c e  o f  v a r io u s  c a t io n s  and a n io n s .  When RNase 
i s  a ssa y e d  i n  th e  p re s e n c e  o f  th e s e  io n s  th e  o p t i c a l  
d e n s i ty  d i f f e r e n c e  v a lu e s  rem a in  a l i n e a r  f u n c t io n  o f
-  1M
th e  enzyme a c t i v i t y  h u t  a c o r r e c t i o n  f a c t o r  m ust he 
a p p l ie d .  To d e te rm in e  th e  c o r r e c t i o n  f a c t o r  i t  i s  
n e c e s s a r y  to  d i s t i n g u i s h  b e tw een  th e  p o s s ib l e  enzyme 
a c t i v a t i o n  o r  i n h i b i t i o n  b y  th e  i n t e r f e r i n g  io n s  and 
th e  e f f e c t  o f  th e  io n s  on th e  p r e c i p i t a b i l i t y  o f  th e  
s o lu b le  RNA d e g ra d a t io n  p r o d u c t s .  F i e r s  (1961) 
d e te rm in e d  c o r r e c t i o n  f a c t o r s  f o r  a num ber o f  io n s  a t  
d i f f e r e n t  c o n c e n t r a t io n s  and u s in g  n o n - a c id ic  p r e c i p i ­
t a t i n g  a g e n t s ,  f o r  ex am p le , b a riu m  p e r c h l o r a t e / C e l l o s o l v e . 
Two b a tc h e s  o f  t e s t s ,  b o th  e x c lu d in g  th e  i n t e r f e r i n g  io n ,  
were in c u b a te d  i n  p a r a l l e l .  In  one b a tc h  th e  r e a c t i o n  
was s to p p e d  b y  th e  a d d i t i o n  o f th e  p r e c i p i t a t i n g  a g e n t  
as i n  th e  n o rm al a s s a y  p ro c e d u r e ,  w h ile  i n  th e  second  
b a tc h  th e  i n t e r f e r i n g  io n  was added  to  th e  in c u b a t io n  
m ix tu re  im m e d ia te ly  b e fo re  th e  p r e c i p i t a n t .  T aking  
th e  change i n  i n  th e  ab sen ce  o f  th e  i n t e r f e r i n g
io n s  a s  100$' a c t i v i t y ,  10 mM EDTA gave an  a p p a re n t  
a c t i v i t y  o f  7 9 .1 $ , w h ile  25 mM MgCl2 gave an a p p a re n t  
a c t i v i t y  o f  1 0 5 .1 $  ( F i e r s ,  1 9 6 1 ) , C o r r e c t io n  f a c t o r s  
w ere d e te rm in e d  i n  th e  p r e s e n t  s tu d y  u s in g  10$ PCA 
c o n ta in in g  0 . 25$ u r a n y l  a c e t a t e  a s  th e  p r e c i p i t a n t*
2 ,5  mM EDTA was fo u n d  to  g iv e  an a p p a re n t  a c t i v i t y  o f  
9 7 .2 $  and 2 .5  mM MgCl2 gave 1 0 1 .6 $  (a v e ra g e  o f  9 a s s a y s ) .
The RNase s u b s t r a t e  u se d  i n  th e  e a r l y  p a r t  o f  t h i s  
s tu d y  was y e a s t  RNA (Sigm a L td . T o ru la  y e a s t  RNA ty p e  
V I ) , w hich  was p u r i f i e d  by  p h e n o l e x t r a c t i o n .  L a te r  i t  
was fo u n d  t h a t  an RNA o f  h ig h e r  m o le c u la r  w e ig h t g iv in g  
lo w er r e a g e n t  b la n k  v a lu e s  was d e s i r a b l e  and  a r a t  l i v e r
-  1*f2 -
r ib o so m a l RNA p r e p a r a t i o n  was u se d  i n  some r o u t in e  a s s a y s .  
In  o th e r  s t u d i e s ,  c o re  RNA, o l ig o n u c le o t id e s  o f  known 
c h a in  l e n g th  and h o m o n u c leo tid e  p o ly m ers w ere u se d  a s  
s u b s t r a t e s ,  and b e c a u se  o f  th e  p r i c e  o f  some o f  th e s e  
s p e c i a l i s e d  s u b s t r a t e s  th e y  were o f t e n  u se d  i n  re d u c e d  
c o n c e n t r a t i o n s ,  i n  f u l l  aw aren ess  t h a t  th e  l e v e l s  may 
n o t  a lw ays have  b e en  s a t u r a t i n g .
S e d im e n tab le  a c id  RNase a c t i v i t y  and s u p e r n a ta n t  
a lk a l i n e  RNase a c t i v i t i e s  w ere shown to  be l i n e a r  w ith  
tim e (F ig u re  2.2) up to  an o p t i c a l  d e n s i ty  d i f f e r e n c e  o f  
1 . 0 . Nodes (196*+) h a s  shown a c id  RNase a c t i v i t y  t o  be 
p r o p o r t io n a l  t o  tim e and t i s s u e  c o n c e n t r a t i o n ,  b u t  
r e p o r te d  t h a t  a lk a l i n e  RNase was l i n e a r  o n ly  up t o  an 
o p t i c a l  d e n s i ty  d i f f e r e n c e  o f  0 .1*  The a lk a l i n e  RNase 
p r e p a r a t i o n  o f  Nodes h a d , h o w ev er, boon p r e h e a te d  a t  an 
a c id  pH t o  d e s t r o y  any a c id  a c t i v i t y  p r e s e n t ,  w hich  
p ro c e d u re  may w e l l  have a l s o  damaged some o f  th e  a lk a l i n e  
RNase a c t i v i t y .  A cid  and a lk a l i n e  RNase a c t i v i t y  a t  
d i f f e r e n t  c o n c e n t r a t io n s  o f  y e a s t  RNA i s  aL so shown i n  
F ig u re  2.2.
RNase a c t i v i t y  i s  e x p re s s e d  a s  ^  M oles m o n o n u c leo tid e  
r e le a s e d /m in  /g  l i v e r ,  assum ing  (n o t  n e c e s s a r i l y  c o r r e c t l y )  
t h a t  th e  a c id  s o lu b le  p ro d u c ts  m easured  a re  m ononucleo­
t i d e s  g iv in g  an a v e ra g e  e x t i n c t i o n  c o e f f i c i e n t  a t  260 nm 
o f  8 ,5  x  ic£cm 2/m ole  (do Duve e t  a l . ? 19 5 5 )•
B P h o s p h a ta se s
The same b a s i c  a s s a y  sy s tem  was u se d  f o r  a l l  p h o s ­
phatase- enzym es. Sample a l i q u o t  was m ixed w ith  b u f f e r
-  1J+3 -
l-u/h
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Figure 2 .2  Time and Substrate Standard Curves for  Acid and A lkaline RNase
jM/L -  resuspended m itochondrial/lysosomal fraction  
Substrate was yeast RNA
- / f * -
and a c t i v a t i n g  io n s  and b ro u g h t  t o  3 7 ° . The r o a c t io n  
was s t a r t e d  b y  th o  a d d i t i o n  o f  s u b s t r a t e  s o l u t io n  and
b a th ,  f o r  b e tw een  15 and 60 m in u te s .  The r e a c t i o n  was 
s to p p e d  w ith  1 .5  volum es o f  1% t r i c h l o r a c e t i c  a c id  (TCA), 
and th e  s u p e r n a ta n t  re m a in in g  a f t e r  s p in n in g  down 
d e n a tu re d  p r o t e i n  was a s sa y e d  f o r  f r e e  in o r g a n ic  p h o s p h a te ,  
u s in g  th e  m ethod o f  Lowry and Lopez (1 9 ^ 6 ) , e i t h e r  m a n u a lly , 
o r  i n  a fo rm  a d a p te d  to  th e  T ochn icon  A u to A n a ly ser 
(M arzban and H in to n , 1 9 7 0 ) .
The in c u b a t io n  m edia w ere g e n e r a l l y  th o s e  u se d  b y  
E l-A a s c r  e t  a l .  (1966) and w eres
5 N u c le o t id a s e  (AMPase)s 0 ,b  ml 0 .2 5  M T r is /H C l a t
pH 8 .0  c o n ta in in g  1 2 .5  
mg MgCl2 
0 .5  ml z o n a l  f r a c t i o n  o r  
s u i t a b l y  d i l u t e d  sam ple 
0 .1  ml 0 .0 5  M 5 iAMP
G lu c o se -6 -p h o s p h a ta s e  s 0 A  ml 0 .3  M D im o th y lg lu t-
0.*+ ml 0 .3  M^ DMG a t  pH 5 .0  
0 .5  ml sam ple ( u s u a l ly  
f r e e z e - th a w e d )
0 .1  ml 1 M sodium  /?- g l y c e r o ­
p h o sp h a te  p r o a d ju s te d  t o  
pH 5 .0
in c u b a t io n  c o n tin u e d  a t  3 7 ° , u s u a l ly  i n  a sh a k in g  w a te r
(G 6Pase)
a r a to  a t  pH 6.V  c o n ta in in g
25 mM EDTA
0 .5  ml sam ple
A cid /? -g ly ce ro p h o sp h a ta s1 ml 0 .0 5  M G6P
(A cid  P aso)
-  1^-5 -
In  th e  Lowry and Lopez m anual p h o sp h a te  e s t im a t io n
1 .5  ml o f  0 .6 $  ammonium m o lybdate  i n  5% POA was added to  
a l l  th e  d e p r o t e in i s e d  r e a c t i o n  m ix tu re  ( 2 .5  m l) .  The 
phosphom olybdate  com plex was th e n  re d u c e d  w ith  0 .5  ml 
2 mg/ml a s c o r b ic  a c id  and th e  a b s o r p t io n  m easured  a t  
75° nm a f t e r  15 m in u te s . E x p e r im e n ta l  sam ples w ere 
a s sa y e d  i n  p a r a l l e l  w ith  s ta n d a r d  p h o sp h a te  s o l u t i o n s ,  
and enzyme a c t i v i t i e s  were e x p re s s e d  a s  yM o les o f  p h o sp h a te  
r e l e a s e d  p e r  m inute*
When a s s a y in g  a c id  p h o sp h a ta s e  a c t i v i t y  a g a i n s t  
^ -g ly c e ro p h o s p h a te  H in to n  (1970) fo u n d  th e  s u b s t r a t e  
i n t e r f e r e d  w ith  th e  m anual v a r i e n t  o f  th e  Lowry and Lopez 
p ro c e d u re  b u t  d id  n o t  i n t e r f e r e  w ith  th e  au to m ated  
a d a p t io n .  B e fo re  th e  dev e lo p m en t o f  th e  A u to A n a ly se r 
m a n ifo ld  f o r  p h o sp h a te  d e te r m in a t io n  H in to n  (1970) 
su g g e s te d  u s in g  th e  m ethod o f  B erenblum  and C hain  (1938)?  
t h i s  m ethod was n o t ,  h o w ev er, u se d  i n  t h i s  s tu d y .
When a t te m p ts  w ere made to  a s s a y  th e  f r e e  p h o sp h a te  
r e l e a s e d  b y  a c id  p h o sp h a ta s e  a c t i v i t y  a g a i n s t  ^ g l y c e r o ­
p h o sp h a te  i n  sam ples s o l u b i l i s e d  w ith  T r i to n  X -100, 
t h i s  i n t e r f e r e d  w ith  th e  fo rm a t io n  o f  th e  phosphom olybdate  
com plex and gave t u r b id  s o l u t i o n s .  T h is  h a s  a l s o  b e e n  
r e p o r te d  by  S lo a t  and A lle n  ( 1969) .
C• Ph e n o ln h th a le in  and n - N i t r o n h o n o l - r e le a s in g  enzym es 
An A u to A n a ly se r m a n ifo ld  (show n i n  F ig u re  2 .3 ) ?  
d e v is e d  i n  t h i s  l a b o r a to r y  b y  H in to n  (1 9 7 °) ? h a s  "been 
u se d  i n  th e  a s s a y  o f a num ber o f  enzym es c a p a b le  o f  
r e l e a s in g  p h e n o lp h th a lo in  o r  p - n i t r o p h e n o l  from  s p e c i f i c
-  11+6 -
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Figure 2.3
AutoAnalyser manifold used fo r  the estim ation of enzymes 
producing p-nitrophenol (colorim etry at 400 nm) or phonolphthalein 
(520 nm) as end products, a fter  Hinton and Norris (personal communications) ; 
Figures are flow rate in  ml/min.
Figures in  brackets represent Technical AutoAnalyser catalogue 
part numbers.
- m -
substrates. The assay conditions used wore those used 
by Hinton and are summarised below. The concentrations 
given are those of the solutions fed into the appropriate 
lines of the manifold,
^-Glucuronidase 0,3 M Acetate (pH 5.0), 0,2% Triton X100,
2.5 mM Phenolphthalein jS-glucuronide.
0.3 M Aoctetto (pH 5.0) > 0.2% Triton X100, 
0,05 M p-n.p.phosphate.
Acid Phosphataco 
(Acid Pase)
Acid Phosphodi- 0.3 M Acetate (pH 5*0)5 0.2% Triton X10Q,
esterase '(-Acid PdEase)
0.01 M EDTA (or MgCl2),
0.01 M bis-p-n.p.phosphate.
Alkaline Phospho- 0.25 M Tris (pH 8.8), 0,01 M MgCl (or
^ ' l p C j t ’ p T ' G C O  ( Allf
PdEase) EDTA), 0.01 M bis-p-n.p.phosphate.
p-Galactosidase 0.3 M Acetate (pH 5*0)? 0.2% Triton X1Q0,
5 mM p-n.p.JB-galactoside.
0,3 M Acetate (pH 5*0), 0.2% Triton X100, 
5 mM p-n.p.^-glucoside.
0.3 M Acetate (pH 5*0), 0.2% Triton X100,
0.01 M p-n.p.sulphate.
^-Glucosidase 
Acid Sulphatase
Sample, buffer and activator are mixed; substrate is 
added and mixed, and the mixture is incubated at 37°* 
The reaction is stopped by the addition of NaOH and the 
enzyme-produced p-nitrophenol or phenolphthalein end 
product is estimated coloiimotrically at h00 nm or 520 
nm respectively.
-11*8 -
D M isc e lla n e o u s  enzyme e s t im a t io n s
(a )  S u c c in ic  d eh y d ro g en ase
T h is  enzyme was m easu red  a s  s u c c in a te - IH T  r e d u c ta s e  
u s in g  th e  m ethod o f  P e n n in g to n  (1 9 6 1 ) . The in c u b a t io n  
m ix tu re  c o n ta in e d  0 .5  ml t i s s u e  sam p le , 0 .2 5  nil o f  a 1 .5  
mg/ml s o l u t io n  o f  IKT (2-( p ~ io d o p h e n y l ) - 3 - ( p ~ n i t r o p h e n y l ) -  
5 - p h e n y l te t r a z o l iu m  c h lo r id e )  i n  0 ,5  M p h o sp h a te  b u f f e r  
a t  pH The r e a c t i o n  was s t a r t e d  b y  th e  a d d i t i o n  o f
0 ,2 5  ml 0 .3  M sodium  s u c c in a te  a t  pH 7«*+ 3 and t i s s u e  
b la n k s  wore o b ta in e d  by  r e p la c in g  th e  s u c c in a te  w ith  an  
e q u a l  c o n c e n t r a t io n  o f  m a lo n a to . A f te r  im m ed ia te  m ix in g , 
th e  r e a c t i o n  m ix tu re  was in c u b a te d  i n  a sh a k in g  w a te r  b a th  
a t  37°  f o r  20 m in u te s , and th e  r e a c t i o n  s to p p e d  b y  th e  
a d d i t i o n  o f 1 .5  ml 6% TCA. The ro d  fo rm azan  was 
e x t r a c t e d  i n t o  h  ml e t h y l  a c e t a t e ,  th e  two p h a se s  
s e p a r a te d  by  a b r ie f ,  c e n t r i f u g a t i o n  and th e  a b s o r p t io n  
m easured  a t  h-90 nm.
(b ) U rica .se
U r ic a se  was d e te rm in e d  b y  th e  m ethod o f  B e au fa y  e t  a l . 
( 1959)* 1 ml d i l u t e d  t i s s u e  sam p les w ere p i p e t t e d  i n t o
two s im i l a r  s i l i c a  c u v e t te s  and d i l u t e d  w ith  1 ml 5 mM 
p h o sp h a te  b u f f e r  a t  pH 7 Ah c o n ta in in g  0,2% T r i to n  X100.
The c u v e t te s  wore e q u i l i b r a t e d  a t  37°• 1 ml f r e s h l y
p re p a re d  0 .0 3  M p h o sp h a te  pH 7**+ c o n ta in in g  0 .0 8 6  mg/ml 
sodium  u r a t e  was added to  th e  e x p e r im e n ta l  c u v e t te  and 
1 ml 0 .3  M p h o sp h a te  pH 7*^ to  th e  c o n t r o l .  A f te r  
th o ro u g h  m ix ing  th e  c u v e t te s  w ere p la c e d  i n  th e  sam ple 
and r e f e r e n c e  s id e s  of a Unicam SP 800 r e c o r d in g  s p e c t r o -
-  1^9 -
p h o to m e te r  5 f i t t e d  w ith  h  c o n s ta n t  to m p o ra tu ro  c u v o tto  
h o ld e r  a t  3 7 ° . The d e c re a s e  i n  a h s o r p t io n  a t  290 nm 
was m easu red  o v e r  a  p e r io d  o f  5 m in u te s  a g a in s t  th e  
"blank.
In  th e  a s s a y  o f  u r i c a s o  i n  z o n a l  f r a c t i o n s  th e  
z o n a l  f r a c t i o n  was d i l u t e d  o n c e . T h is  was fo u n d  t o  he 
s u f f i c i e n t  t o  g iv e  a  l i n e a r  r e a c t i o n  o v e r  th e : w hole f i v e  
m inu te  p e r io d .  h
U r ic a s e  a c t i v i t y  i s  n o rm a lly  e x p re s s e d  i n  M oles 
u r i c  a c id  o x id is e d /m in /g  l i v e r  (K a lc k a r ,  I 9 V7) .
( c ) Monoamine o x id a se
Monoamine o x id a se  a c t i v i t y  was a s sa y e d  b y  fo l lo w in g  
th e  fo rm a t io n  o f  h en za ld o h y d e  from  h en zy lam in o  s p e c t r o -  
p h o to m e t r i c a l ly  a t  250 urn. The m ethod u se d  was h a s e d  on 
t h a t  o f  S ch n a itm an  e t  a l . (1967) w hich  was a d a p te d  h y  
H in to n  (1970) t o  a llo w  d e p r o t e i n i s a t i o n  and th e r e b y  re d u c e  
th e  v e ry  h ig h  b la n k  r e a d in g s .  0 .6  ml o f  d i l u t e d  t i s s u e  
was m ixed w ith  0 .3  ml 0 ,3  M p h o sp h a te  pH 7«^ c o n ta in in g  
3 .7 5  x  10 M h e n z y la m in o , and in c u b a te d  a t  37 f o r  20 
m in u te s .  A b la n k  la c k in g  b en zy lam in e  was rim  i n  p a r a l l e l .  
The r e a c t i o n  was s to p p e d  w ith  1 .5  ml 10$ PGA c o n ta in in g  
0 , 25$ u r a n y l  a c e ta te  and th e  d e n a tu re d  p r o t e i n  s e p a r a te d  
b y  a b r i e f  c e n t r i f u g a t i o n .  1 .5  nil o f  s u p e r n a ta n t  was 
d i l u t e d  w ith  an  e q u a l  volum e o f  w a te r  and th e  e x t i n c t i o n  
m easu red  a t  250 nm.
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CHAPTER THREE; SOME STUDIES CONCERNING RNas(
ASSAY METHODS
1 S u c ro se  I n t e r f e r e n c e  i n
S e v e ra l  d i f f e r e n t  m a t e r i a l s  have  b e en  em ployed to  
make th e  d e n s i ty  g r a d i e n t s  u se d  £cw b i o l o g i c a l
m a te r i a l  b u t ,  c u r r e n t l y ,  su c ro se  i s  th e  c h e a p e s t  and 
m ost w id e ly  u s e d ,  ev en  th o u g h  i t s  p r o p e r t i e s  a re  f a r  
from  i d e a l .  In  a lm o s t a l l  o f  th e  e x p e r im e n ts  p e rfo rm ed  
i n  t h i s  s tu d y ,  th e  t i s s u e  was hom ogen ised  i n  a su c ro se  
s o lu t io n  and s e p a r a te d  i n  e i t h e r  i s o t o n i c  su c ro se  o r  on 
su c ro se  g r a d i e n t s .  The u se  o f  z o n a l c e n t r i f u g a t i o n  
im p l ie s  t h a t  some f r a c t i o n a t o d  m a te r i a l  w i l l  a lw ays 
bo re c o v e re d  i n  a m ix tu re  w ith  th e  g ra d ie n t-m a k in g  
m a te r i a l  a t  r e l a t i v e l y  h ig h  c o n c e n t r a t i o n s .  T h is  h a s  
l e d  t o  a c l o s e r  i n v e s t i g a t i o n ,  b y  a num ber o f  th e  
w o rk e rs  i n  t h i s  l a b o r a to r y ,  o f  th e  i n t e r f e r e n c e  b y  
su c ro s e  i n  enzyme a s s a y s  and o th e r  a n a l y t i c a l  p r o c e d u r e s .  
The a u th o r Ts c o n t r i b u t i o n s  t o  t h i s  work a re  d e s c r ib e d  
be low .
1 ( 1 )  RNase A c t i v i t i e s  o f  I m p u r i t i e s  i n  S u c ro se  
AnalaR g ra d e  s u c ro s e  was u se d  i n  p r e l im in a r y  
e x p e r im e n ts  b u t  1m in e ra l  w a te r  s u g a r 1 (p u rc h a se d  i n  
h u n d red w e ig h t b ags from  T ate  and L y le  L td . )  was fo u n d -  
to  be l i t t l e  d i f f e r e n t  from  th e  AnalaR g ra d e  and was 
u se d  i n  m ost o f  th e  e x p e r im e n ts  d e s c r ib e d  i n  t h i s  
t he e l s .
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B oth  g ra d e s  o f  su c ro se  wore c o n ta m in a te d  w ith  
m a t e r i a l  w hich  a b so rb e d  i n  th e  u l t r a v i o l e t  ( P ig .  3*1)*
The sp e c tru m  i n d ic a t e d  t h a t  t h i s  m a t e r i a l  was p ro b a b ly  
m a in ly  p r o t e i n  o r  p e p t i d e .  Of th e  enzym es i n v e s t i g a t e d  
i n  t h i s  l a b o r a t o r y ,  th e  o n ly  enzym ic a c t i v i t y  fo u n d  t o  
c o n ta m in a te  e i t h e r  g rad e  o f  su c ro se  was R N ase.
When su c ro s e  s o l u t i o n s  o f  v a r io u s  c o n c e n t r a t io n s  
w ere a s s a y e d  f o r  RNase a c t i v i t y  i t  was fo u n d  t h a t  b o th  
AnalaR and 1 m in e ra l  w a t e r 1 su c ro se  h ad  a p p r e c ia b le  and 
s im i l a r  a c t i v i t i e s  ( F ig .  3 * 2 ) .  The a s s a y  p ro c e d u re  
u se d  was th e  same a s  th e  s ta n d a r d  a s s a y  d e s c r ib e d  i n  
th e  M e th o d s 1 s e c t i o n ,  e x c e p t  t h a t  u n b u f fe re d  s u c ro s e  
s o lu t io n s  w ere in c u b a te d ,  i n  s to p p e re d  t u b e s ,  w ith  
5mg/ml RITA f o r  an e x te n d e d  p e r io d  o f  2 h o u r s .  The 
r e a c t i o n  was s to p p e d  a s  p r e v io u s ly  d e s c r ib e d  b u t-  th e  
r e s u l t a n t  s u p e r n a ta n t  was n o t  d i l u t e d  b e fo r e  r e a d in g  th e  
o p t i c a l  d e n s i ty  (O .D .) a t  260 nm. The pH o f  th e  
r e a c t i o n  m ix tu re  was a b o u t 6 .0 .  T here was no  p r o d u c t io n  
o f  260 n m -a b so rb in g  m a t e r i a l  when s u c ro s e  was in c u b a te d  
a lo n e .  bhen b u f f e r e d  2M m in e ra l  w a te r  s u c ro s e  s o l u t i o n s  
w ere a s s a y e d , th e  RNase a c t i v i t y  showed a b ro a d  s p re a d  
a b o u t a pH optimum n e a r  n e u t r a l i t y  (F ig u re  3*3 ) .
A num ber o f  p ro c e d u re s  wore i n v e s t i g a t e d  t o  
d e te rm in e  th e  m ost s u i t a b l e  m ethod o f  rem ov ing  th e  RNase 
a c t i v i t y  from  1m in e ra l  w a t e r 1 s u c ro s e .  I n  one e x p e r im e n t ,  
2M h n in e r a l  w a t e r 1 s u c r o s e ,  i n  a c lo s e d  b o t t l e ,  was 
a u to c la v e d  a t  2k  p . s . i .  f o r  15 m in u te s .  In  o th e r  
e x p e r im e n ts ,  2M su c ro se  was s t i r r e d  f o r  2 h o u rs  w i th
~ /OJ
0oD«
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Fig* 3® 1
A / Spectrum  o f  2M AnalaR S ucrose
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Pig. 3.3
RNase a c t iv ity  o f 'Mineral Water' Sucrose w ith pH.
e i t h e r  5 o r  10 mg/ml o f  M aca lo id  (a  d ia to m a c e o u s  e a r t h ,  
g i f t  fro m  B a ro ld  D iv * , N a t io n a l  Load C o ., H o u s to n ,
T exas) (B arlow  j ^ o l . , I 9 6 3 )J c a lc iu m  p h o sp h a te  g e l ,  
o r  N o r i t  A ( a c t i v a t e d  c h a r c o a l  fro m  Sigma C hem ical C o* ), 
and th e n  f i l t e r e d  u n d e r vacuum* The t r e a t e d  su c ro se  
s o lu t io n s  w ere a s sa y e d  f o r  RNase a c t i v i t y  a s  b e fo re *
The a c t i v i t i e s  fo u n d , a f t e r  s u b t r a c t i n g  a p p r o p r ia te  
b la n k s ,  a re  l i s t e d  i n  T ab le  3*1* A u to c la v in g  rem oved 
v e ry  l i t t l e  o f  th e  RNase a c t i v i t y  b u t  CaPO^, M aca lo id  
and N o r i t  A w ore i n c r e a s in g l y  e f f e c t i v e *  F ig .  3 * lb  
i l l u s t r a t e s  t h a t  much o f  th e  u l t r a v i o l e t - a b s o r b i n g  
m a te r i a l  i s  rem oved b y  t r e a tm e n t  w ith  N o r i t  A. ©10 
re m a in in g  u .v * -a b s o rb in g  m a t e r i a l  h a s  an a b s o r p t io n  
sp ec tru m  t y p i c a l  o f  n u c le i c  a c id s*
T able  3 * l s RNase a c t i v i t y  i n ^M in era l W ater S u c ro se
T rea tm en t In c r e a s e  i n  0 .D .2 6 0  n m /h r
2M • M in e ra l 0
-p&
t 
H8*- S u c ro se  u n t r e a te d 0 . 25^
2M M in e ra l W ater S u c ro se .
a u to c la v e d 0*220
2M M in e ra l W ater S u c ro se  +
Jm g/m l C ^ . O ^ O.O78
2M.; . M in e ra l W ater S u c ro se  -f* , 
lOmg/ml M aca lo id 0 .019
2M M in e ra l W ater S u cro se  +
5mg/ml N o r i t  A ■ 0 *01+3 . .
2M- M in e ra l W ater S u c ro se  + 
lOmg/ml N o r i t  A 0 .0
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The p re s e n c e  o f  RNase a c t i v i t y  i n  com m erc ia l s u c ro s e  
h a s  b een  r e p o r t e d  e a r l i e r  ( e . g . .  B o th , 1967)5 b u t  many 
w o rk e rs  have  f a i l e d  t o  ta k e  t h i s  i n t o  a c c o u n t when 
m easu rin g  th e  a c t i v i t i e s  o f  t i s s u e  RN ases p re p a re d  i n  
su c ro se  s o l u t i o n ,  and a l s o  when d e a l in g  w ith  r e a d i l y  
d e g ra d ed  RNA and o l ig o n u c le o t id e s  i n  s u c ro s e  s o l u t i o n s .
In  th e  p r e s e n t  s tu d y  i t  h a s  n o t  b e en  fo u n d  n e c e s s a r y  t o  
u se  su c ro se  c o m p le te ly  f r e e  o f  RNase a c t i v i t y  f o r  
h o m o g en isin g  and g r a d i e n t  m ak ing , b u t  i t  w ould  be 
e s s e n t i a l  i f  one w ere d e te rm in in g  th e  s p e c i f i c i t i e s  o f  
n u c lo o ly t i c  enzym es, and w ould  c e r t a i n l y  be a d v is a b le  
i n  enzyme p u r i f i c a t i o n  s t u d i e s .  O ther w o rk e rs  i n  
t h i s  l a b o r a t o r y ,  i n v e s t i g a t i n g  th e  i n t r a - c e l l u l a r  
d i s t r i b u t i o n  and  s iz e  o f  RNA now u se  N o r i t  A t r e a t e d  
su c ro se  t o  p r e v e n t  in a d v e r te n t  RNA breakdow n (M ullock  
e t  a l . .  1 9 7 1 ) .
1 .( 1 1 )  I n t e r f e r e n c e  i n  C hem ical E s t im a t io n s  bv  S u c ro se  
B oth  AnalaR and m in e ra l  w a te r  s u c ro s e  c o n ta in  
s i g n i f i c a n t  am ounts o f  in o r g a n ic  p h o sp h a te  w hich  i s  
n o t  rem oved b y  N o r i t  A (H in to n , 1 9 7 ° ; H in to n , B urge 
and H artm an , 1 9 6 9 ) . A p art from  th e  n e e d  t o  make th e  
a p p r o p r ia te  c o r r e c t i o n s  f o r  th e  low  c o n c e n t r a t io n s  o f 
p h o sp h a te  p r e s e n t ,  t h e r e  i s  no i n t e r f e r e n c e  i n  th e  
e s t im a t io n  o f  in o r g a n ic  p h o s p h a te ,  e i t h o r  b y  th e  m anual 
o r th e  autom ated  Lowry and Lopez i(19*+6) t e c h n iq u e s .  
I n t e r f e r e n c e  b y  s u c ro s e  i n  th e  e s t im a t io n  o f  p h o sp h a te  
by  th e  Lowry and Lopez m ethod h a s  p r e v io u s ly  b e en  
r e p o r t e d  b u t  t h i s  was i n  th e  p re s e n c e  o f  T r i t o n  X -100
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(Cheung and S a lg a n ic o f f ,  1967) .  S u c ro se  d o e s , h o w ev er, 
i n t e r f e r e  w ith  th e  e s t im a t io n  o f p r o t e i n  u s in g  th e  Lowry 
p ro c e d u re . In  th e  m ethod , b o th  g ra d e s  o f  su c ro se  
c o n ta in  m a t e r i a l  w h ich  r e a c t s  l i k e  p r o t e i n .  A l o s s  o f  
s e n s i t i v i t y  was a l s o  fo u n d  i n  b o th  m anual and  a u to m ate d  
m ethods; a l th o u g h  t h i s  d id  n o t  seem t o  be l i n e a r  w ith  
in c r e a s in g  s u c ro s e  c o n c e n t r a t i o n .  In  th e  m ic r o b iu r e t  
p ro c e d u re  su c ro se  i n  th e  p re s e n c e  o f  co p p er r e a g e n t  
p ro d u ced  s u f f i c i e n t  a b s o r p t io n  i n  th e  n e a r - u l t r a v i o l e t  
t o  mask th e  in c r e a s e  due t o  p r o t e i n  (H in to n  o t  a l . , 1969) • 
1 ( I I I )  I n h i b i t io n  of  E nzyme A c t iv i t y  b v  S u c ro se
S u c ro se  was lo n g  ago shown t o  i n t e r f e r e  w ith  th e  
a s s a y  o f ^8-g lu c u ro n id a s e  (do Duvo e t  a l . ? 1955)* T h is  
o b s e r v a t io n  w as, how ever, g e n e r a l l y  n e g le c t e d .  E l-A a s e r  
e t  a l . ( 3.966)5 w ork ing  i n  o u r l a b o r a t o r i e s ,  l a t e r  showod 
t h a t  su c ro se  i n t e r f e r e d  i n  th e  a s s a y  o f  a num ber o f  
d e p h o s p h o ry la t in g  enzyme o f  r a t  l i v e r ,  n o ta b ly  
5 1“n u c l e o t i d a s e . T h is  l e d  t o  an i n v e s t i g a t i o n  o f  th e  
p o s s ib le  i n h i b i t i o n  o f  o th e r  enzym es b y  s u c ro s e .  A l l  
th e  enzym es s tu d ie d  wore fo u n d  t o  be a f f e c t e d .
l . ( I V )  The Dete r m in a t i o n  o f  I n h i b i t i o n  C u rv e s . A s e r i e s  
o f s to c k  su c ro s e  s o l u t io n s  ran gin g  from  0 .2  t o  2M w ere 
p re p a re d  and th e  c o n c e n t r a t io n s  checked  b y  th e  m easu re ­
ment o f  t h e i r  r e f r a c t i v e  in d e x .  A ssays wore p e rfo rm e d  
a t  l e a s t  i n  t r i p l i c a t e .  The v i s c o s i t y  o f  th e  concen­
t r a t e d  su c ro se  s o lu t io n s  c r e a t e d  a m ix in g  p ro b lem .
T h is  cou3.d be overcom e, and b e t t e r  r e p r o d u c i b i l i t y  
o b ta in e d ,  by  uhe u se  o f  a M iirk m ix e r  (F is o n s  S c i e n t i f i c  
A p p a ra tu s  L t d . ) ,
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B N asoss A cid  and a lk a l i n e  RN ases w ere m easu red  b y  
m ethods a d a p te d  from  th e  g e n e r a l  a s s a y  d e s c r ib e d  i n  
th e  M a t e r i a l s  and M ethods1 s e c t i o n .  In  b o th  c a s e s  
enzyme a c t i v i t y  was r e l e a s e d  b y  f r e e z e - th a w in g  th e  
whole hom ogenate e ig h t  t im e s .  The a c id  RNase in c u b ­
a t i o n  medium c o n s i s t e d  o f  2ml su c ro se  s o l u t i o n ,  0 . 1ml 
t i s s u e  s u s p e n s io n ,  0 . 3ml o f  $mg/mL RNA, and 0 .6m l 0.1M 
DMG pH 5 * 6 . T e s t s o lu t io n s  w ere in c u b a te d  f o r  61 m in 
a t  37° and c o n t r o l s  in c u b a te d  f o r  1 m in . The r e a c t i o n  
was s to p p e d  b y  th e  a d d i t i o n  o f  2ml o f  10% PCA c o n ta in in g  
0 , 25% u r a n y l  a c e t a t e ,  and th e  a b s o r p t io n  d i f f e r e n c e  
be tw een  t e s t  and c o n t r o l  s u p e r n a ta n ts  m easu red  a t  260 nm 
a f t e r  d i l u t i o n .  A lk a lin e  RNase was a s sa y e d  b y  a s i m i l a r  
p ro c e d u re  -  th e  DMG b e in g  r e p la c e d  by  0.25M T ris -H C l 
pH 7 .8  c o n ta in in g  0.005M pCMB. F u r th e r  c o n t r o l s ,  . 
w ith o u t t i s s u e 7 w ere ru n  a t  b o th  pH v a lu e  s 5 th e  se 
e n a b le d  c o r r e c t i o n s  t o  be made f o r  RNase a c t i v i t y  i n  
th e  s u c r o s e ,
U r ic a s e  s U r ic a s e  a c t i v i t y  was m easu red  b y  an a d a p t io n  
o f th e  m ethod d e s c r ib e d  e a r l i e r .  The t i s s u e  sam ple 
u se d  was th e  f r a c t i o n  c o n ta in in g  th e  p eak  o f  u r i c a s e  
a c t i v i t y  i n  a z o n a l  s e p a r a t io n  o f  m ito c h o n d r ia l / ly s o s o m a l  
f r a c t i o n  u s in g  an HS z o n a l r o t o r  ( s e e  l a t e r  s e c t i o n ) .
The in c u b a t io n  medium c o n s i s t e d  o f  0 .5m l o f  t i s s u e  
f r a c t i o n ,  2ml o f  su c ro se  s o l u t io n ,  1ml o f  5mM p h o sp h a te  
b u f f e r  a t  pH 7 c o n ta in in g  0 .2 $  T r i t o n  X -100 and 1ml 
f r e s h ly  p re p a re d  0.03M p h o sp h a te  c o n ta in in g  8.6mg 
sodium  u ra te /lO Q m l. The in c u b a t io n  was a t  3 7 °  and  th e
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Lgaend..ta_Flm .r.e 3 .A .
The e f f e c t  o f  su c ro se  on enzyme a c t i v i t y .  S o l id  
l i n e  g ra p h s  r e p r e s e n t  b la n k  c o r r e c te d  v a lu e s ,  s ta n d a rd  
e r r o r s  a re  shown as v e r t i c a l  b a r s  and a r e g r e s s io n  l i n e  
e q u a t io n  i s  p r e s e n te d .  In  th e  RNase a s s a y s  t h e r e  a re  
a p p re c ia b le  b la n k s  -  th e s e  a re  r e p r e s e n te d  by  d a sh ed  
l i n e  s .
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change i n  a b s o r p t io n  a t  292nm was fo l lo w e d  f o r  5 m in 
a g a in s t  a b la n k  c o n ta in in g  2ml o f  th e  p h o sp h a te  s o l u t io n  
and no u r a t e .
The i n h i b i t i o n  c u rv e s  f o r  th e s e  t h r e e  enzym es a re  
shown i n  F ig u r e
1 (V) R e v e r s i b i l i t y  o f  S u cro se  E f f e c t  1ml o f  f r e e z e -  
thaw ed hom ogenate was m ixed w ith  e i t h e r  9ml 2M su c ro se  
o r  9ml w a te r  and  l e f t  a t  0° f o r  2 h r ;  1ml a l i q u o t s  
w ere th e n  a d ju s te d  t o  a f i n a l  su c ro se  c o n c e n t r a t io n  o f  
0.2M and RNase a c t i v i t i e s  w ere m easu red  b y  th e  u s u a l  
a s s a y  p r o c e d u re s .  The volum e o f  t i s s u e  su s p e n s io n  
ta k e n  was 0 ,5 m l. W ith b o th  a c id  and a lk a l i n e  RNase 
th e  r e d u c t io n  o f  a c t i v i t y  t o  a b o u t 60% o f  th e  n o rm al 
a c t i v i t y  ( F ig .  3 A )  was t o t a l l y  r e v e r s e d  b y  d i l u t i n g  
o u t th e  su c ro se  (T ab le  3 * 2 ) . T h is  h a s  a l s o  b een  
shown t o  be t r u e  f o r  a num ber o f  o th e r  enzym es, a l th o u g h —  
some e v id e n c e  h a s  b e en  o b ta in e d  f o r  i r r e v e r s i b i l i t y  i n  
th e  c a se  o f  NAD p y ro p h o sp h o ry la s e  (H in to n  e t  a l . , 1969)#
s R e v e r s a l  o f  S u c ro se  I n t e r f e r e n c e
| Me an E x t in c t io n  V alue (No. o f  o b s e r v a t io n s )
Enzyme j t i s s u e  s u b je c te d  to  
j h y p e r to n ic  su c ro se
t i s s u e  m a in ta in e d  
i n  d i l u t e  su c ro se
I
A cid RNase | 0.1+3 (3 )
i
A lk a lin e  1
RNase j 0 .6 5  (3 )
f
O.H-2 (3 ) 
0 .6 2  (3 )
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The sucrose inhibition of a number of enzymes has 
been observed by other workers in this laboratory and 
the inhibition constants determined for these enzymes 
have been tabulated by Hinton (1970). There appears 
to bo no clear pattern visible in his tabulation, 
although, in general, lysosomal enzymes seem to be less 
inhibited than any others. The tissue concentration 
in fractions obtained from zonal separations is usually 
low, such that it is impractical to dilute out the 
relatively high concentrations of sucrose before 
enzyme assays. Enzyme activities must often be assayed 
in the presence of high sucrose concentrations and a 
mathematical correction, involving the inhibition 
constants, made for the sucrose inhibition. In the 
case of RNase assays a further correction is made to 
allow for the inherent RNase activity of the^sucrose.---
2 The lie termination of the Size of RNA D.igestion 
Products Remaining'in Solution after Treatment 
with Various Precipitating Agents Commonly Used 
in the Assay of RNaso^Activity
As has been previously noted, a wide variety of
precipitating agents have boon used to separate protein
and undegraded RNA from the digestion products of RNase.
However, very few workers have attempted to determine
the average chain length of the oligonucleotides
remaining i.n solution and hence it is difficult to
compare, activities measured by different groups using
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d i f f e r e n t  a s s a y  p r o c e d u re s .  T h e re fo re , an a t te m p t h a s  
b een  made t o  compare th e  s i z e  o f  RNA d e g ra d a t io n  p ro d u c ts  
re m a in in g  i n  s o l u t io n  a f t e r  t r e a tm e n t  w ith  some o f  th e  
more common p r e c i p i t a n t s  u se d  i n  th e  a s s a y  o f  RNase 
a c t i v i t y .
2 . ( I )  RNA. RNA d i g e s t i o n  p r o d u c ts ,  o l ig o n u c le o t id e s
and n u c le o t id e  sam ples
F i r s t l y ,  th e  e f f i c i e n c y  o f  a num ber o f  p r e c i p i t a t i n g  
a g e n ts  was m easu red  b y  t e s t i n g  t h e i r  e f f e c t i v e n e s s  i n  
p r e c i p i t a t i n g  v a r io u s  ty p e s  o f  RNA, RNA d i g e s t s  and 
s ta n d a rd  o l ig o n u c le o t id e s  o f  known c h a in  l e n g t h .
A lk a lin e  d i g e s t  o f  T o ru la  y e a s t  RNA, w hich  h a d  b e en  
p u r i f i e d  u s in g  th e  m ethod d e s c r ib e d  i n  th e  1 M a te r ia l s  
and M eth o d s1 s e c t i o n ,  w ere made by  d i s s o l v i n g  lOmg RNA 
i n  2ml IN KOII and in c u b a t in g  a t  37° f o r  36 h o u r s .  The 
d i g e s t  was n e u t r a l i s e d  b y  th e  a d d i t i o n  o f  PCA and 
c e n t r i f u g e d ,  and th e  s u p e r n a ta n t  was made up t o  *+ml 
w ith  d i s t i l l e d  w a te r .  The o p t i c a l  d e n s i ty  a t  26Qnm 
was m ea su re d . O ther p r e p a r a t i o n s  t e s t e d  w ere p u r i f i e d  
y e a s t  RNA, r a t  l i v e r  RNA, and c o re  RNA; th o  l a s t  was 
p r e p a r e d ,  e i t h e r  i n  t h i s  l a b o r a to r y  b y  th o  m ethod 
d e sc r ib ed  e a r l i e r  (a d a p te d  from  t h a t  o f  N odes, 196*+), 
o r i n  th e  l a b o r a t o r i e s  o f  th e  Sigma C hem ical Company 
by  th e  m ethod o f  Hilm oe ( i 9 6 0 ) ,  O l ig o u r id y l i c  a c id  
w ith  a known mean c h a in  l e n g th  o f  tw e n ty  n u c l e o t i d e s  
(C a lb io ch em , Los A n g e le s ) , o l ig o n u c le o t id e s  o f  s i x ,  
f o u r  and ‘cwo n u c le o t id e  c h a in  l e n g th s  (M ile s  L a b o r a to r i e s ,  
I n c . ,  I n d ia n a )  and m o n o n u c le o tid e s  w ere u se d  f o r
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r e f e r e n c e  p u rp o s e s .  The RNA, o l ig o n u c le o t id e s  and 
m o n o n u c le o tid e s  w ere d i s s o lv e d  i n  d i s t i l l e d  w a te r  t o  
g iv e  s o l u t io n s  o f  ab o u t 2mg/ml and th e  o p t i c a l  d e n s i ty  
was n o te d .  E ach s o l u t io n  was d i l u t e d  w ith  an  e q u a l  
volume o f  0.2JM  T ris /H C l b u f f e r ,  a t  pH 
c o n ta in in g  2mg/ml b o v in e  serum  a lbum in*1ml a l i q u o t s  o f  
each  m ix tu re  w ere th e n  t r e a t e d  w ith  one o f  th e  p r e c i p i ­
t a t i n g  a g e n ts  (1  t o  6 ) u n d e r i n v e s t i g a t i o n .
2 ( I I )  P r e c i p i t a t i o n  te c h n iq u e s
1 - 4 /  To 1 ml o f  d i l u t e d  sam ple i n  an  i c e  b a th  was added
1 .5  nil 10f0 PCA ( w t . s v o l . )  w hich  i n  th e  c a se  o f  1 /  
c o n ta in e d  0,25% u r a n y l  a c e t a t e .  A f te r  im m ed ia te  m ix in g  
on a ^W hirlim ixer* , th e  m ix tu re  was s to r e d  i n  i c e  f o r  10 
m in u te s  and th e n  c e n t r i f u g e d  a t  1 0 ,0 0 0  x  g f o r  5 m in u te s ,  
a l s o  i n  th e  c o ld .  The s u p e r n a ta n t  was d e c a n te d  and th e  
o p t i c a l  d e n s i ty  r e a d  a f t e r  s u i t a b l e  d i l u t i o n .  S im i la r  
p ro c e d u re s  w ere u se d  f o r  th e  p r e c i p i t a n t s  2 - 1*, e x c e p t  
t h a t  th e  PCA and u r a n y l  a c e ta t e  was r e p la c e d  by  an  
a l t e r n a t i v e  p r e c i p i t a n t  a s  fo l lo w s  s
2 /  1 ml 5% PCA ( 2 f i n a l  c o n c e n t r a t io n )
3/  1 .5  nil 10/  PCA ( 6/  » u )
V  1 .5  ml 2 %  PCA ( 1 5 /  » >» )
The p r e c i p i t a n t s  1-*+ have p r e v io u s ly  b e en  u se d  by  
s e v e r a l  g ro u p s  o f  w o rk e rs , e . g . ,  R e id  e t  a l . ( 196*+) 5 
V i l l a lo b o s  e t  a l . (1965)*, S ie b e r t  e t  a l . ( 1966)5 
de L o n iran d e  e t  a l .  ( 1966) .
5 /  The n o n - a c id ic  p r e c i p i t a n t  d e v is e d  b y  A m bellan and 
H o lla n d e r  ( 1 9 6 6 , b ) i s  n o t  s t a b le  a s  a co m p le te  m ix tu re
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and was p r e p a r e d  a s  two s t a b l e  s to c k  s o l u t i o n s  -  s t o c k  A, 
0 .0 r!% lan th an u m  n i t r a t e  i n  9 6 % e t h a n o l ,  and s to c k  B ,
0 .2 6  M magnesium a c e t a t e  i n  1 . 0  M a c e t a t e  b u f f e r  a t  pH 
l a t t e r  was d i l u t e d  t e n  t im e s  w i th  w a te r  
b e fo r e  u s e .  S ix  p a r t s  o f  A were mixed w i th  f i v e  p a r t s  
o f  d i l u t e d  B. 9 ml o f  p r e c i p i t a t i n g  m ix tu re  was added 
t o  1 ml o f  d i l u t e d  sa m p le , th o r o u g h ly  n ix e d  and s to o d  
i n  t h e  c o ld  f o r  20 m in u te s  and th e  o p t i c a l  d e n s i t y  
m easured  a t  260 nm d i r e c t l y .
6/  The p r e c i p i t a t i o n  p ro c e d u re  u s in g  g l a c i a l  a c e t i c  
a c id  and t e r t ,  b u t a n o l  was f i r s t  d e s c r i b e d  by  Dickman 
e t  a l . ( 1 9 5 6 ) ,  1 ml o f  d i l u t e d  sample was t h o r o u g h ly
CoibL
mixed^3 ml o f  l s 2 g l a c i a l  a c e t i c  a c id  and t e r t .  b u t a n o l .  
A f t e r  s to r a g e  i n  th e  c o ld  f o r  1?  m in u te s ,  th e  sample was 
c e n t r i f u g e d  and th e  o p t i c a l  d e n s i t y  a t  260 nm o f  th e  
s u p e r n a t a n t  was m easu red  a f t e r  s u i t a b l e  d i l u t i o n  w i th  
d i s t i l l e d  w a t e r .
The p e r c e n ta g e  o f  260 n m -a b so rb in g  m a t e r i a l  
re m a in in g  i n  s o l u t i o n  c o u ld  be c a l c u l a t e d  from  th e  
a b s o r p t io n  o f  th e  s u p e r n a t a n t s  a f t e r  th e  l a t t e r  h ad  
b e en  c o r r e c t e d  f o r  a b s o r p t i o n  due t o  th e  p r e c i p i t a n t ,  
t h e  b u f f e r ,  o r  in c o m p le t e ly  p r e c i p i t a t e d  c a r r i e r  p r o t e i n .  
R e s u l t s  a re  sum m arised i n  T able  3-3*
2 ( I I I )  R e s u l t s
The v a r i o u s  p r e c i p i t a n t s  a re  n o t  e q u a l l y  e f f e c t i v e  
m. p r e c i p i t a t i n g  l a r g e  RNA m o le c u le s  and o l i g o n u c l e o t i d e s  
(T ab le  3 . 3 ) .  As can  be se e n  from  th e  r e s u l t s  i n  
colum ns 2 -  ^  i n c r e a s i n g  th e  c o n c e n t r a t i o n  o f  PCA i n
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Table 3*35
The percentage of 260 nm-absorbing material 
remaining in solution after treatment of RNA samples, ,
RNA digestion products and standard oligonucleotides with 
precipitants 1 -6 (see text) commonly used in the assay 
of RNase activity.
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t h e  p r e c i p i t a t i n g  medium i n c r e a s e s  th e  amount o f  n u c le o ­
t i d e  m a t e r i a l  p r e c i p i t a t e d  from  th e  sample s o l u t i o n s  o f  
RNA and RNA d i g e s t i o n  p r o d u c t s  (sa m p le s  A -  E ) * The 
mean m o le c u la r  w e ig h t  o f  th e  o l i g o n u c l e o t i d e s  r e m a in in g  
i n  s o l u t i o n  i s  r e d u c e d # a s  th e  PCA c o n c e n t r a t i o n  i s  
i n c r e a s e d .
Columns 1 and 3 show t h a t  th e  p-peei-pi t a k in g  e f f e c t  
o f  PCA i s  s u b s t a n t i a l l y  i n c r e a s e d  by  th e  p r e s e n c e  o f  
u r a n y l  a c e t a t e .  T h is  i s  e s p e c i a l l y  o b v io u s  i n  th e  c a se  
o f  th e  l a r g e r  o l i g o n u c l e o t i d e s .  A c e t ic  a c i d  and t e r t ,  
b u t a n o l  a p p e a rs  t o  be a v e r y  i n e f f i c i e n t  p r e c i p i t a n t .  
L a /M g /e th a n o l ,  on th e  o t h e r  hand , seems t o  be t h e  m ost 
e f f e c t i v e  o f  th o s e  t e s t e d .
Sam ples A -  E a re  com plex m ix tu re s  of RNA and o l i g o ­
n u c l e o t i d e  m o le c u le s  o f  v a r y in g  m o le c u la r  w e ig h t .  As 
a c o m p a r iso n ,  th e  sam ples F -  L a re  s t a n d a r d  o l ig o n u c l e o ­
t i d e s  and m o n o n u c le o t id e s  o f  known m o le c u la r  w e ig h t  (o r  ' 
1mean*. m o le c u la r  w e ig h t  i n  t h e  c a se  o f  o l i g o  U ( F ) ) .  
A ga in , a l l  t h e  p r e c i p i t a n t s  a re  n o t  e q u a l l y  e f f e c t i v e ,  
b u t  t h e y  a r e  a l l  more e f f e c t i v e  i n  p r e c i p i t a t i n g  t h e  
l a r g e r  o l i g o n u c l e o t i d e s  1 th e  l e o n u c l o o t i d e s
and m o n o n u c le o t id e s .  S in c e  o n ly  a few , r a t h e r  s m a l l ,  
o l i g o n u c l e o t i d e s  o f  known c h a in  l e n g t h  a r e  a v a i l a b l e ,  
i t  i s  n o t  p o s s i b l e  t o  d e te rm in e  from  t h e s e  r e s u l t s  e i t h e r  
th e  mean c h a i n  l e n g t h  o f  o l i g o n u c l e o t i d e s  re m a in in g  i n  
s o l u t i o n  o r  w h e th e r  t h e r e  i s  a d e f i n i t e  l c u t  o f f f s i z e ,  
p o s s i b l y  d ep en d in g  on n u c l e o t i d e  c o m p o s i t io n ,  f o r  e a c h  
p r e c i p i t a n t .  However, th e  p r e s e n t  r e s u l t s  do i n d i c a t e
-  167 -
t h a t  f o r  u r i d i n e  o l i g o n u c l e o t i d e s  t h e r e  i s  a c u t - o f f  
s i z e  i n  t h e  hexam er r e g i o n ,  a n d ,  w i th  p r e c i p i t a n t  1 / ,
PCA and u r a n y l  a c e t a t e ,  (Ap)^Ap i s  p r e c i p i t a t e d  more 
r e a d i l y  t h a n  (Up) Up. Some r e l e v a n t  i n f o r m a t i o n  can  
he o b ta in e d  i f  a low  m o le c u la r -w e ig h t  RNA, which 
c o n ta in s  some sm a ll  o l i g o n u c l e o t i d e s ,  i s  f r a c t i o n a t e d  
a c c o rd in g  t o  m o le c u la r  w e ig h t  b y  g e l  f i l t r a t i o n  and th e  
r e s u l t i n g  f r a c t i o n s ,  whose mean m o le c u la r  w e ig h t  may be 
d e te rm in e d  b y  co m parison  a g a i n s t  r e f e r e n c e  m a t e r i a l s ,  
a re  a g a in  t r e a t e d  w i th  e a c h  o f  th e  p r e c i p i t a t i n g  a g e n t s .
2 (IV) Seuhadex Gel F i l t r a t i o n
A Sephadex G-100 colum n, 2 .5  cm b y  2 7 .5  cm, w i th  
a f lo w  r a t e  o f  a p p ro x im a te ly  30 m l / h r , was s e t  up and 
e q u i l i b r a t e d  w i th  0 .0 5  M T r is /H C l  b u f f e r ,  pH 7*^5 f o r  
two days  a t  room t e m p e r a t u r e .  The v o id  volume was 
m easured  u s in g  an 0 .5  ml sam ple o f  B lue D e x tra n  2 ,0 0 0 ,  
b o th  b e f o r e  and a f t e r  t h e  e x p e r im e n t .
S u c ro se  was added t o  a s o l u t i o n  o f  known e x t i n c t i o n ,  
c o n t a in i n g  a b o u t  30 mg/ml o f  p u r i f i e d  y e a s t  RNA, t o  g iv e  
a p p ro x im a te ly  100 mg o f  s u c ro s e  p e r  m l , im m e d ia te ly  
b e f o r e  l a y e r i n g  o n to  th e  to p  o f  th e  co lum n, i n  o r d e r  
t o  i n c r e a s e  th e  sample d e n s i t y .  The sample volume was 
u s u a l l y  1 m l. The column was e l u t e d  w i th  0 .0 5  M T r i s /  
HC1 b u f f e r  a t  pH 7.U- and th e  e f f l u e n t  was m o n ito re d  a t  
260 nm w i th  a f l o w - th r o u g h  UV m o n ito r  ( G i l s o n  M ed ica l  
E l e c t r o n i c s ,  W isco ns in )  l i n k e d  t o  a c h a r t  r e c o r d e r  
(Bausch and Lomb), and t h e n  c o l l e c t e d  i n  b  ml f r a c t i o n s  
u s in g  a f r a c t i o n  c o l l e c t o r  ( C e n t r a l  I g n i t i o n  Co.) f i t t e d
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with a timed changer. A 0.2 ml aliquot of each 
effluent fraction in the peak region was diluted to 3 ml 
and the adsorption at 260 run accurately measured. The 
remainder of each fraction was diluted to 5 nil with 
2 mg/ml "bovine serum albumin in 0,05 M Tris/HCl buffer 
at pH 7.^3 divided into five 1 ml aliquots and each 
treated as before with one of the precipitants listed 
above, excluding 25% PCA. After removing the precipi­
tated material by centrifugation, the absorbence of the 
supernatant at 260 nm was measured. The appropriate 
blanks were subtracted and the percentage of 260 nm- 
absorbing material remaining in solution after treatment 
with each precipitant was calculated with reference to 
the amount of 260 nm-absorbing material in the original 
fraction.
The column used to separate the HNA was standardised 
by use of samples of known molecular weight. These 
included UMP, the dimer, tetrainer, and hexamer of 
mridylic acid and oligo U with a mean chain length of 
20 nucleotides. Once the column was standardised it 
was possible to make approximate determinations of the 
mean chain lengths of various substrates used, namely, 
commerically prepared !corer RNA, Tcorel RNA prepared 
by the method described earlier, adapted from that of 
Nodes (196th) 5 RNA/IC0H digestion products and rat liver 
RNA.
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2 (V) R e su l ts ,
F ig u re  3*5 shows th e  r e s o l u t i o n  w hich  may be 
o b t a in e d  when a s e r i e s  o f  !p u r e l mono and o l ig o n u c l e o ­
t i d e s  a r e  r u n  s e p a r a t e l y  th ro u g h  a s i n g l e  Sephadex G-100 
colum n.
Over .a c o n s i d e r a b le  r a n g e  t h e  e l u t i o n  volume i s  
a p p ro x im a te ly  a l i n e a r  f u n c t i o n  o f  th e  l o g a r i t h m  o f  t h e  
m o le c u la r  w e ig h t ,  p r o v id e d  t h a t  a l l  th e  m o le c u le s  
s e p a r a t e d  a re  o f  th e  same t y p e .  T h is  r e l a t i o n s h i p  h a s  
b e en  u s e d  b y  a number o f  w o rk e rs  t o  e s t i m a t e  t h e  m o le c u la r  
w e ig h t  o f  p r o t e i n s ,  e . g . ,  C a rn eg ie  (1 9 6 5 ) 5 Andrews (1965)*  
T h is  r e l a t i o n s h i p  a l s o  a p p e a rs  t o  be t r u e  f o r  o l i g o ­
n u c l e o t i d e s  (F ig u r e  3 .6 )  and i t  i s  t h e r e f o r e  p o s s i b l e  
uo c a l c u l a t e  th e  a v e ra g e  c h a in  l e n g t h  o f  any  sam ple from  
i t s  e l u t i o n  p o s i t i o n  (T ab le  3«*+).
The c a l c u l a t e d  c h a in  l e n g t h s ,  shown i n  T ab le  3«^ j 
can  o n ly  be a p p ro x im a te .  A number o f  m inor a s s u m p t io n s  
have been  made, f o r  exam p le , o l i g o n u c l e o t i d e  c h a in  
l e n g t h  i s  n o t  s t r i c t l y  p r o p o r t i o n a l  t o  m o le c u la r  w e ig h t ,  
a l th o u g h  l i n e a r l y  r e l a t e d  t o  i t ,  and no a l lo w a n ce  h a s  
b e en  made f o r  v a r i a t i o n s  i n  b a se  c o m p o s i t io n .  However, 
t h e s e  a re  n o t  l i k e l y  t o  make any s i g n i f i c a n t  d i f f e r e n c e  
t o  th e  r e s u l t s .  S i m i l a r l y ,  no a l lo w a n c e  h a s  b e e n  made 
f o r  th e  d i f f e r e n c e s  i n  ^ 2 6 0 * c o m p a r a t iv e ly  s m a l l ,
b e tw een  sm a ll  o l i g o n u c l e o t i d e s  o f  d i f f e r e n t  b a se  compos­
i t i o n .  E l u t i o n  o f  sample from  a Sephadex column i s  
n o t  e n t i r e l y  accur&a'ng t o  m o le c u la r  w e ig h t .  A lth o u g h  
t h e  p r e sen ce  o f  b u f f e r  i n  t h e  e l u a n t  r e d u c e s  any  i o n
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Legend t o  Figure 3*5
1/ Calibration of a Sephadex G--100 column (2.5 cm. by 
27.5 cm ) with standard oligonucleotides of known chain 
length;
A) oligo U (average chain length of 20 
nucleotides),
B) (Up)?Up,
C) (Up) Up,
D) UpUp,
S) UMP,
(B.D. = Blue Dextran 2,000).
Column eluant was 0.05 M Tris/HCl, pH 7 A.
2 /  sam ples  o r  unknown c h a in  l e n g t h  r u n  on th e  same 
co lum n;
I )  P u r i f i e d  y e a s t  RNA,
II) !Core 1 RNA,
III) Commercially prepared ‘core1 RNA.
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F ig u re  3„6 ,
Linear relationship between elution volume and log., oligo­
nucleotide chain length (uridylic acid polymers) in gel filtration 
on Sephaoex G~100 column,
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Sample of Peak Fraction Approx, Mean Chain Length
j 1 Core 1 RNA*
| Yeast RNA
Rat liver RNA !
12^ ml
108 ml
ml
| 1 Core 1 RNA 
(Sigma) l*f0 ml 2 , 2
I Yeast RNA-KOH
[ exhaustive 
\ digest 152 ml 1.1
T able  3 A
Approximate mean chain lengths or RNA and RNA 
digestion products determined from the elution 
calibration curve, Figure 3.6.
^ Rat. liver RN.A elution peak corresponded closely to
that of Blue Dextran 2,000* the sample was * almost 
entirely excluded from the gel, hence the determination 
of the approximate mean chain length for rat liver RNA 
requires the use of a Sephadex gel with a larger pore
size.
Ve = elution volume
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exchange e f f e c t  o f  t h e  Sephadex , S t a e h e l i n  e t  a l . (1959)?  
Cole ( I 9 6 0 , a and h )  and o t h e r s  have  shown t h a t  t h e  b a se  
c o m p o s i t io n  may a f f e c t  t h e  e l u t i o n  o f  o l i g o n u c l e o t i d e s .
T h is  i s  p r o b a b ly  due t o  v a r i a t i o n s  i n  t h e  m o le c u la r  
c o n f i g u r a t i o n .  In  s u b s e q u e n t  w ork , i n v e s t i g a t i n g  RNase 
enz-yme s p e c i f i c i t i e s  w i th  r e s p e c t  t o  t h e  m o le c u la r  w e ig h t  
o f  p r o d u c t s ,  b u f f e r e d  7 M u r e a  was u s e d  a s  an  e l u a n t .
T h is  h a s  b e e n  r e p o r t e d  t o  g iv e  b e t t e r  s e p a r a t i o n s  s t r i c t l y  
a c c o rd in g  t o  t h e  o l i g o n u c l e o t i d e  molecular* w e ig h t  
(T om linson  and T e n e r ,  1962; R u sh iz k y  e t  _al . ? 196*+ and 
o t h e r s ) 3
Mien y e a s t  RNA was r u n  th ro u g h  th e  colum n, a v e r y  
b re a d  peak  was o b t a i n e d ,  i n d i c a t i v e  o f  t h e  v e r y  h e t e r o ­
geneous n a t u r e  o f  t h i s  s u b s t r a t e .  The f r a c t i o n s  y i e l d e d  
by  t h i s  p ro c e d u re  may, h o w ev er ,  be u s e d  t o  i n v e s t i g a t e  th e  
s i z e - s p e c i f i c i t y  o f  t h e  v a r i o u s  p r e c i p i t a t i n g  a g e n t s .
I n  a p r e l i m i n a r y  e x p e r im e n t ,  f r a c t i o n s  i n  th e  b ro a d  
y e a s t  RNA p eak  were d i l u t e d  t o  a s t a n d a r d  o p t i c a l  
d e n s i t y  v a lu e  b e f o r e  th e  a d d i t i o n  o f  p r o t e i n  and s u b s e q u e n t  
t r e a tm e n t  w i th  t h e  v a r i o u s  p r e c i p i t a t i n g  a g e n t s .  How ever, 
on r e p e a t i n g  t h e  e x p e r im e n t ,  t h i s  s t e p  was fo u nd  
u n n e c e s s a r y .  W ith in  t h e  ra n g e  o f  RNA and o l ig o n u c l e o ­
t i d e  c o n c e n t r a t i o n s  t e s t e d  i n  t h e  p r e s e n t  e x p e r im e n t ,  
t h e  e f f e c t i v e n e s s  o f  th e  p r e c i p i t a n t s  i n v e s t i g a t e d  
a p p e a re d  n o t  t o  v a r y  w i th  t h e  c o n c e n t r a t i o n  o f  n u c l e o t i d e  
m a t e r i a l  p r e s e n t ,  p r o v id in g  t h a t  t h e r e  was a c o n s t a n t  
c o n c e n t r a t i o n  o f  c a r r i e r  p r o t e i n  p r e s e n t .  T h is  f i n d i n g
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i s  i n  ag reem en t w i th  t h a t  o f  Am bellan  and H o l la n d e r  
(19669h ) , who s u g g e s te d  t h a t  a lb um in  o r  g e l a t i n  be added 
a t  t h e  end o f  an i n c u b a t i o n  i n  th e  a s s a y  o f  RNase a c t i v i t y  
when e i t h e r  th e  p r o t e i n  o r  RNA c o n c e n t r a t i o n  i s  v e r y  low .
The r e s u l t s  shown i n  F ig u r e  3 .7  c o n f i rm  th e  e a r l i e r  
o b s e r v a t i o n  t h a t  i n c r e a s i n g  th e  c o n c e n t r a t i o n  o f  PCA 
r e s u l t s . i n  more e f f i c i e n t  p r e c i p i t a t i o n  o f  m ed ium -s ized  
and sm a ll  o l i g o n u c l e o t i d e s ,  th o u g h ,  a s  i n d i c a t e d  b y  t h e  
shape o f  g ra p h  ^ d 1, w i th  PCA a lo n e  a s  p r e c i p i t a n t ^  t h e r e  
:• s no c l e a r  1 c u t - o f f 1 p o i n t  w i th  r e s p e c t  t o  t h e  s i z e  o f  
o l i g o n u c l e o t i d e s  r e m a in in g  i n  s o l u t i o n .  However, when 
u r a n y l  a c e t a t e  i s  i n c lu d e d  i n  th e  p r e c i p i t a t i n g  medium, 
t h e  p r e c i p i t a t i n g  e f f e c t  i s  i n c r e a s e d  and a c l e a r  1 c u t - o f f 1 
i s  o b se rv e d  b e tw een  f r a c t i o n s  31 end 33* T h is  c o r r e s p o n d s ,  
a p p r o x im a te ly ,  t o  th e  peak  p o s i t i o n  o f  th e  t e t r a n u c l e o -  
t i d e s .  When f r a c t i o n s  31 end 33 were t r e a t e d  w i th  PCA 
and u r a n y l  a c e ta te ^  *+3$ end 11 b% r e s p e c t i v e l y  o f  t h e  
2 6 0 -a b s o rb in g  n u c l e o t i d e  m a t e r i a l  re m a in e d  i n  s o l u t i o n .
An even  s h a r p e r  1 c u t - o f f 1 was o b se rv e d  w i th  th e  La/M g/ 
e t h a n o l  p r e c i p i t a n t  o f  A m bellan and H o l la n d e r  (1 9 6 6 ?b ) .  
T rea tm en t  o f  t h e  same two f r a c t i o n s  w i th  t h i s  p r e c i p i t a n t  
l e f t  r e s p e c t i v e l y  16$ and 86$ o f  th e  260 n m -a b so rb in g  
n u c l e o t i d e  m a t e r i a l  i n  s o l u t i o n .
When PCA was u s e d  a s  a p r e c i p i t a n t ,  th e  r e c o v e r y  o f  
260 nm- a b s o rb in g  m a t e r i a l  was a lw ays g r e a t e r  th a n  100$ .
T h is  i s  p r o b a b ly  th e  r e s u l t  o f  h y d r o l y s i s  o f  o l i g o n u c l e o ­
t i d e s  by  th e  a c i d i c  p r e c i p i t a n t s ,  c a u s in g  an  i n c r e a s e  i n  
th e  $2 6 0 * The e f f e c t  was n o t  o b se rv e d  w i th  t h e  n o n - a c i d i c
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Legend to Figure 3 .7
The s i z e  o f  o l i g o n u c l e o t i d e s  r e m a i^ i* ^  in s o l u t i o n  
a f t e r  t r e a t m e n t  o f  y e a s t  RNA column f r a c t i o n s , i n  th e  
p r e s e n c e  o f  p r o t e i n ,  w i th  v a r i o u s  p r e c i p i t a t i n g  a g e n t s  
commonly u s e d  i n  t h e  a s s a y  o f  RNase a c t i v i t y .
1/  The e l u t i o n  p a t t e r n  o f  p u r i f i e d  y e a s t  RNA on a 
column o f  Sephadex G-100 g e l .  (Column d im e n s io n s  
were 2 .5  cm “by 27*5 cm e l u a n t  was 0 .0 5  M T r is /H C l  
b u f f e r  a t  pH 7*^ end f lo w  r a t e  was 30 m l / h r .  h  ml 
f r a c t i o n s  were c o l l e c t e d  a t  room t e m p e r a t u r e .  Vv = -^2ml) 
2/ The p e r c e n ta g e  o f  2 6 0 -a h s o r b in g  n u c l e o t i d e  m a t e r i a l  
r e m a in in g  i n  s o l u t i o n  a f t e r  t r e a t m e n t  o f  1 ml a l i q u o t s  
o f  e a c h  d i l u t e d  f r a c t i o n  from  1/  w i th  p r e c i p i t a t i n g  
r e a g e n t s  o f  low a c i d i t y ;
a) 3 ml g l a c i a l  a c e t i c  a c i d - t e r t .  b u t a n o l  ( 1 ?2 ) ,
b) 9 ml lanthanum nitrate, magnesium acetate and 
ethanol at pH 5*5-
3/  The p e r c e n ta g e  o f  2 6 0 -a b s o rb in g  n u c l e o t i d e  m a t e r i a l  
r e m a in in g  i n  s o l u t i o n  a f t e r  t r e a t m e n t  o f  1 ml a l i q u o t s  
o f  e a c h  d i l u t e d  f r a c t i o n  from  1/  w i th  a c i d i c  p r e c i p i ­
t a t i n g  a g e n t s ;
c) 1 ml 5fo PCA ( w /v ) ,  ^{Z.%%)
d) 1 ,5  ml 10JS PCA, ’W ) ,
e)  1 , ' ;  ml 10%  PCA, ^ ( 6 % ) ,  c o n ta in i n g  0.2%%  u r a n y l
acetate.
6 F i n a l  c o n c e n t r a t i o n s
-  177 -
0.4-
0.3 -
0.2 -
0.1 _
40oc 352015
Fraction number 
... ■
Jo '260 ran-absorbing 
material remaining 
in solution
100 -
20
Fraction number
40353020
Fraction number
'
Figure 3®7 '-17#— £ Arbitrary U nits |
L a /M g /e th a n o l  p r e c i p i t a n t .  I t  i s  p o s s i b l e  t h a t  t h e  
a c id  p r e c i p i t a n t s  may g iv e  r i s e  t o  some h y p e rc h r o m a c i ty  
h u t  t h i s  c o u id  ©iii*^ x©r a  ^ t o  10^ i n c r e a s e  i n
O.D. r e a d i n g s .
C o nfirm ing  th e  e a r l i e r  o b s e r v a t i o n ,  g l a c i a l  a c e t i c  
a c i d / t e r t .  b u t a n o l  a g a in  a p p e a re d  t o  be a v e r y  i n e f f i c i e n t  
p r e c i p i t a n t  an d , i n  a d d i t io n . ,  showed p oo r  r e p r o d u c i b i l i t y .
The p o s s i b i l i t y  t h a t  some p r e c i p i t a n t s  may p r e c i p i ­
t a t e  some n u c l e o t i d e s  c o n ta in i n g  s p e c i f i c  b a s e s  more 
r e a d i l y  t h a n  o t h e r s  was n o t  f u l l y  i n v e s t i g a t e d ,  b u t  f rom  
t h e  r e s u l t s  i n  T ab le  3*3 i t  seems t h a t  some b a se  s p e c i f i c ­
i t y  i s  shown by t h e  PCA-c o n ta in i n g  p r e c i p i t a n t s .
Comparing the results of (Up) Up and (Ap) Ap, and
5  ■ 5
(Up ) Up and (Ap) Ap, ( sa m p le s  G - J) , t h e  PCA p r e c i p i t a n t s
3 3
p r e c i p i t a t e  a g r e a t e r  p e rc e n ta g e  o f  th e  a d e n y l i c  a c i d  
po lym ers  t h a n  th e  c o r re s p o n d in g  u r i d y l i c  a c i d  p o ly m e rs .
The shape o f  t h e  g rap h  ’3 d 1 i n  F ig u r e  3 * 7 3 and th e  
ab sen ce  o f  an o b v io u s  1 c u t - o f f 1 p o i n t  i n  the  s i z e  o f  
o l i g o n u c l e o t i d e s  r e m a in in g  i n  s o l u t i o n  a f t e r  t r e a t m e n t  
o f  t h e  o l i g o n u c l e o t i d e s  w i th  PCA, i s ,  ho w ev er ,  u n l i k e l y  
t o  be th e  r e s u l t  o f  s e l e c t i v e  b a se  p r e c i p i t a t i o n .
The b a se  s p e c i f i c i t y ,  am ongst th e  p r e c i p i t a n t s  i n v e s t i ­
g a te d ,  was sh o rn  by  10% PCA c o n ta in i n g  u r a n y l  a c e t a t e  
th e  o n ly  a c i d  p r e c i p i t a n t  t h a t  showed a c l e a r  !c u t - o f f 1 
p o i n t .  This s p e c i f i c i t y  i s  i n  ag reem en t w i th  th e  f i n d i n g  
o f  Dickman and T ru p in  ( 1959)3 who d e v is e d  an RNase a s s a y  
p r o c e d u r e ,  using PCA and u r a n y l  s a l t s  as  th e  p r e c i p i t a n t ,  
i n  w hich  a l l  n u c l e o t i d e s  c o n ta in i n g  amino g ro u p s  were 
p r e c i p i t a t e d ,  l e a v i n g  u r i d i n e  d e r i v a t i v e s ,  a s  t h e  o n ly  
r e a c t i o n  p r o d u c t  r e m a in in g  i n  s o l u t i o n .
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CHAPTER FOUR ? TOE IliTRACELLULAK.DISTRIBUTION OF ACID 
AMD ALKALINE RIBONUCLEASE,
1 I n t r a c e l l u l a r  d i s t r i b u t i o n  o f  Acid RNase a f t e r
P i f f G r e n t  H o m o g en isa tio n  C o n d i t io n s
Reic1 and Nodes (1963) have  shown t h a t ,  u s in g  a 
P o t t e r - E lv e h je m  h o m o g e n ise r ,  how ever m ild  t h e  hom ogen is­
a t i o n  c o n d i t i o n s ,  some a c i d  RNase i s  a lw ays fo u n d  i n  
t h e  s u p e r n a t a n t  f r a c t i o n  o f  r a t  l i v e r  h o m o g en a te s .
As much as  one f i f t h  o f  t h e  t o t a l  c e l l u l a r  a c id  RNase 
i s  found i n  t h e  s u p e r n a t a n t  f r a c t i o n  o f  n o rm al  l i v e r ,  
th e  b u lk  o f  t h e  a c t i v i t y  b e in g  l o c a t e d  i n  t h e  ly s o s o m a l  
f r a c t i o n .  The r a t i o  o f  s u p e r n a t a n t  a c t i v i t y  t o  t o t a l  
c y to p la s m ic  a c t i v i t y  was c o n s i s t e n t l y  h i g h e r  f o r  a c i d  
RNase th a n  f o r  a c id  p h o s p h a ta s e .  "When th e  number o f  
p e s t l e  s t r o k e s  and th e  speed  o f  r o t a t i o n  o f  t h e  p e s t l e  
i n  t h e  ho m o g en ise r  were i n c r e a s e d  t h e y  fo u n d  t h a t  t h e r e  
was no  i n c r e a s e  i n  th e  s o l u b l e  f r a c t i o n  a c id  RNase.
They s u g g e s te d  t h a t  a c id  RNase was in d e e d  p r e s e n t  i n  t h e  
c e l l  sap i n  v i v o , w h i l s t  n o t  r u l i n g  o u t  th e  a l t e r n a t i v e  
p o s s i b i l i t y  t h a t  f r a g i l e  S e c o n d a ry *  ly sc so m e s  a re  t h e  
s o u rc e .
As t h e r e  was s t i l l  some do ub t a s  t o  w h e th e r  some 
ly soso m es  were d i s r u p t e d  b y  even  th e  l i g h t e s t  s h e a r i n g ,  
an i n i t i a l  e x p e r im e n t  was p e rfo rm e d  t o  i n v e s t i g a t e  th e  
d i s t r i b u t i o n  o f  a c i d  RNase and a c i d  p h o s p h a ta s e  b e tw ee n  
t h e  s u p e r n a t a n t  and p a r t i c u l a t e  f r a c t i o n s  o f  r a t  l i v e r  
hom ogenates  o b ta in e d  a f t e r  h o m o g e n is a t io n  w i th  a moving 
p e s t l e  h o m o g en ise r  o f  t h e  P o t t e r - S lv o h je r a  ty p o  and  a
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n i t r o g e n - p r e s s u r e  h o m o g e n ise r .  The o p e r a t i o n  o f  on eh 
i s  d e s c r i b e d  i n  t h e  M a t e r i a l s  and Methods s e c t i o n .
Tho d e g re e  o# Xysosamc b re a k a g e  can  be c o n v e n i e n t l y  
m easured  b y  th e  amount o f  ly s o s o m a l  enzyme5> w hich  a re  
p r e s e n t  i n  t h e  s u p e r n a t a n t  f r a c t i o n .
Acid RNase a c t i v i t y ,  ‘t o t a l ’ a l k a l i n e  RNase a c t i v i t y  
( i * e . ,  a s s a y e d  i n  t h e  p r e s e n c e  o f  pCMB t o  remove a l k a l i n e  
RNase i n h i b i t o r )  and p r o t e i n  were a s s a y e d  i n  th e  two 
hom ogenates  and i n  th e  s u p e r n a t a n t  f r a c t i o n s .  An 
a l i q u o t  c f  e a c h  hom ogenate and s u p e r n a t a n t  was f r e e z e -  
thaw ed e i g h t  t im e s  i n  c a r d i c e / C e l l o s o l v e  and th e  a c i d  
RNase and a c id  p h o s p h a ta s e  a c t i v i t i e s  were t h e n  d e te rm in e d .  
(R e id  and Nodes (1959) have  shown t h a t  f r e e z e - t h a w i n g  
e i g h t  t im e s  i n  i s o t o n i c  s u c ro s e  g iv e s  a maximum r e l e a s e  
o f  a c id  RNase and a c i d  p h o s p h a ta s e  a c t i v i t i e s  from  a 
r e  suspended  M i t o c h o n d r i a l / l y s o s o m a l 1 f r a c t i o n . )  The 
r e s u l t s  o f  th e  enzyme and p r o t e i n  a s s a y s  a re  shown i n  
T able  *+.1.
I n  b o th  whole hom ogenates  t h e  p r o t e i n  c o n te n t  was 
a p p ro x im a te ly  th e  same, b u t  t h e  l e v e l s  o f  ‘t o t a l 1 . 
a l k a l i n e  RNase i n  t h e  whole hom ogenate and s u p e r n a t a n t  
f r a c t i o n s  were h i g h e r  a f t e r  u se  o f  th e  n i t r o g e n  p r e s s u r e  
h o m o g e n ise r ,  T h is  i n d i c a t e s  a g r e a t e r  d e g re e  o f  c e l l  
b re a k a g e  i n  t h e  ‘n i t r o g e n  p r e s s u r e 1 hom ogena te . ‘T o t a l ‘ 
a l k a l i n e  RNase i n  t h i s  hom ogenate  was a p p ro x im a te ly  7$ 
h i g h e r  t h a n  th e  ‘P o t t e r *  hom ogenate  b e f o r e  f r e e z e - t h a w i n g .  
S i m i l a r l y ,  t h e  a c i d  RNase a c t i v i t y  was a p p ro x im a te ly  
1 5 /  h ig h e r  i n  t h e  ‘n i t r o g e n  p r e s s u r e *  h om ogena te .
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Lege n d t o  Tab l e  ^-.1
Enzyme and p r o t e i n  a s s a y s  on whole hom ogenate  and 
s u p e r n a t a n t  f r a c t i o n  o b ta in e d  b y  two h o m o g e n is a t io n  
te c h n iq u e s  -  nam ely , th e  P o t te r -E lv e b g e m  ho m o g en ise r  and 
th e  N i t r o g e n  P r e s s u r e  h o m o g e n ise r .
The P o t to r - E lv e h je m  h o m o g en ise r  had  a c l e a r a n c e  o f  
0..0111' ,  t h e  p e s t l e  was r o t a t e d  a t  2 ,0 0 0  r . p . m .  and 
h o m o g e n is a t io n  was c a r r i e d  o u t  by  f i v e  p e s t l e  s t r o k e s .
The n i t r o g e n  p r e s s u r e  ho m o g en ise r  was e q u i l i b r a t e d  w i th  
f o r  t h r e e  m in u te s ,  and th e  p r e s s u r e  was t h e n  i n c r e a s e d  
t o  9001b / s q . i n .  f o r  15 m in u te s .  The r e s u l t i n g  ho m ogena tes  
w ere  s i e v e d  t o  remove f i b r o u s  c o n n e c t iv e  t i s s u e .  P a r t  
o f eac h  whole hom ogenate was c e n t r i f u g e d  a t  3 8 ,0 0 0  r . p . m .  
i n  an 8 x  25 nil r o t o r  f o r  90 m in u te s  u s in g  a ‘S u p e rsp e ed  
5 0 1 c e n t r i f u g e  t o  o b t a i n  th e  s u p e r n a t a n t  f r a c t i o n s .
Enzyme a c t i v i t i e s  a r e  th e  a v e rag e  o f  t r i p l i c a t e  
a s s a y s  and a r e  i n  a r b i t r a r y  u n i t s ,  a l l  r e l a t e d  t o  e q u iv ­
a l e n t  amounts o f  l i v e r .
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Acid
RNase
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Acid
Phosphatase Protein mg/ml
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T a b le  M
S ince  a c id  RNase i s  p r i m a r i l y  a ly so so m a l  enzym e, t h i s  
f i g u r e  p r o b a b ly  r e s u l t s  f rom  an i n c r e a s e d  c e l l  b r e a k a g e ,  
a s  i n d i c a t e d  b y  th e  i n c r e a s e d  a l k a l i n e  RNase a c t i v i t y ,  
and p o s s i b l y  from  an  i n c r e a s e d  lysosom e b r e a k a g e ,  
s in c e  t h i s  a c t i v i t y  was m easu red  b e f o r e  f r e e z e - t h a w i n g .  
A f t e r  f r e e z e - t h a w i n g ,  th e  a c t i v i t i e s  o f  a c i d  RNase and 
a c i d  phosphatase  were s i m i l a r  f o r  t h e  two whole h o m o g en a te s .  
F r e e z e - th a w in g  p r o b a b ly  r u p t u r e s  any  h i t h e r t o  u n b ro k en  
c e l l s  a s  w e l l  a s  s o l u b i l i s i n g  t h e  ly s o s o m a l  enzym es, b u t  
h a s  l i t t l e  f u r t h e r  e f f e c t  on th e  f r e e  enzyme p r e s e n t  i n  
t h e  s u p e r n a t a n t  f r a c t i o n .
The r e s u l t s  show t h a t  c o n s i d e r a b l y  more a c i d  p h o s p h a t ­
a se  and a c i d  RNase were p r e s e n t  i n  th e  s u p e r n a t a n t  ^ f r a c t i o n  
a f t e r  h o m o g e n is a t io n  i n  th e  n i t r o g e n  p r e s s u r e  h o m o g en ise r  
t h a n  a f t e r  h o m o g e n is a t io n  u s in g  t h e  P o t te r -E lV e h je m  
a p p a r a t u s .  The fo rm er  p r o c e d u r e ,  t h e r e f o r e ,  seems t o  
cause  a c o n s i d e r a b l e  b reakdow n o f  ly so so m e s  and r e l e a s e  
o f  ly so so m a l  enzym es. Thus i t  was c o n c lu d e d  t h a t  m ild  
h o m o g e n is a t io n  u s in g  a P o t t e r - E lv e h j e m - ty p e  h o m o g en ise r  
was th e  most s u i t a b l e  method f o r  d i s r u p t i n g  l i v e r  c e l l s  
i n  o rd e r  t o  o b t a i n  i n t a c t  ly so so m es  and t h i s  p r o c e d u r e  
was u s e d  r o u t i n e l y  i n  th e  r e s t  o f  t h e s e  s t u d i e s .
The P o t t e r - E lv e h je m  and th e  n i t r o g e n  p r e s s u r e  
h o m og en ise r  gave s u p e r n a t a n t  a c i d  RNase l e v e l s  o f  17 •3$  
and 3 1 - 6$ o f  t h e  t o t a l  hom ogenate  a c t i v i t y ,  and a c i d  
p h o s p h a ta s e  l e v e l s  o f  1 1 ,1 $  and 33*1$ r e s p e c t i v e l y .
Re Duve e t  a l . (195$) have shown t h a t  th e  l a t e n t  a c i d  
p h o s p h a ta s e  a c t i v i t y  o f  a m i t o c h o n d r i a l / l y s o s o m a l  f r a c t i o n
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may bo c o m p le te ly  l i b e r a t e d  b y  p h y s i c a l  means such  as  
f r e e z e - t h a w i n g ,  and t h a t  a c i d  p h o s p h a ta s e  i s  more r e a d i l y  
l i b e r a t e d  t h a n  a c i d  RNase. They d id  n o t  a c t u a l l y  
c e n t r i f u g e  and a s s a y  th e  s u p e r n a t a n t ,  b u t ,  i n  t h e  l i g h t  
o f  t h e i r  o b s e r v a t i o n ,  t h e  s i m p le s t  e x p l a n a t i o n  f o r  th e  
r e l a t i v e l y  h ig h  p e rc e n ta g e  o f  a c i d  RNase i n  th e  s u p e r ­
n a t a n t  o b t a i n e d  u s in g  t h e  P o t t e r - E lv e h je m  ho m o g en ise r  
i s  t h a t  some a c i d  RNase i s  p r e s e n t  i n  t h e  c y t o s o l  i n  v i v o . 
T h is  i s  i n  ag reem en t w i th  t h e  s u g g e s t io n  o f  R e id  and 
Nodes (3-959 aud 1 9 6 3 ) .
2 P r e l im i n a r y  E x p e r im e n ts  U sing  an  A X I I  Z onal R o to r
In  o r d e r  t o  examine t h e  d i s t r i b u t i o n  o f  b o th  a c i d  
and a l k a l i n e  RNase among c e l l  f r a c t i o n s  some method m ust 
be  fo u n d  o f  s c a n n in g  p a r t i c l e s  r a n g in g  i n  s i z e  f ro m  
m icrosom es t o  n u c l e i .  As d i s c u s s e d  i n  t h e  M a t e r i a l s  
and Methods s e c t i o n ,  c l a s s i c a l  d i f f e r e n t i a l  c e n t r i f u g a t i o n  
does n o t  g iv e  a good enough r e s o l u t i o n  o f  s u b c e l l u l a r  
p a r t i c l e s .  Much b e t t e r  r e s u l t s  a r e  o b t a i n e d  w i th  z o n a l  
r o t o r s .  I n i t i a l  e x p e r im e n ts  were t h e r e f o r e  c a r r i e d  o u t  
u s in g  th e  low speed  A X II  r o t o r .  The o p e r a t i n g  p r o c e d u r e s  
f o r  t h e  A X I I  r o t o r  and th e  H S -type  r o t o r  u s e d  i n  l a t e r  
s t u d i e s ,  have  b e en  d e s c r i b e d  i n  t h e  M a t e r i a l s  and M ethods 
s e c t i o n .
F ig u re  4-.1 i l l u s t r a t e s  a t y p i c a l  s e p a r a t i o n  o b t a i n e d  
a f t e r  c e n t r i f u g i n g  r a t  l i v e r  whole hom ogenate  f o r  one 
ho u r  a t  5-, 000 r e v s / m i n .  The p r o t e i n  p e a k  n e a r  t h e  
o r i g i n  r e p r e s e n t s  t h e  s o lu b le  m a t e r i a l .  The m arker 
enzyme g lu c o s e - 6 - p h o s p h a t a s e  (Cr6Pase) i n d i c a t e s  t h a t
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the microsomes have hardly he gun to sediment and are 
incompletely separated from the soluble material. The 
lysosomal enzymes, acid phosphatase and acid RNase show 
two main peaks of activity - a minor peak of soluble 
activity and a broad peak thereafter which spans between 
and merges with the microsomal and the mitochondrial 
bands. The mitochondrial peak is revealed by the 
presence of succinic dehydrogenase activity. The 
peroxisome peak, as shorn by the uricase activity, is 
less widely spread than the peaks of acid Mase and acid 
phosphatase activities but still overlaps the lysosomal 
peak, At the end of the gradient banding on the cushion 
are the nuclei, unbroken cells and aggregated material. 
Alkaline RNase, assayed in the presence of pCMB, 
has a complex distribution pattern. The main peak of 
activity is in the soluble fraction, but alkaline Mase 
activity is spread throughout the gradient, overlapping 
the microsomal, lysosomal end mitochondrial regions. 
Clearly, under these conditions, the A Xll rotor does 
resolve lysosomes from microsomes and mitochondria. 
However, the resolution is not good enough to allow any 
conclusions about the quantitative distribution of 
alkaline RNase among these organelles, During the 
course of this work, Rahman ( 1967) and Rahman e t  al., 
( I 969 ) published papers in which they reached similar 
conclusions, but showed that the resolution of lysosomes 
using an A Xll rotor could be improved, to some extent, 
by using a very large overlay in the rotor in order to
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Zonal centrifugation for 1 hr at V,000 r.p.m. of a 
1 s 10 whole homogenate of rat liver, using an A XII zonal 
rotor.
D e n s ity
F r a c t io n  number
.cid RNase
o b t a i n  s u f f i c i e n t  g r a v i t a t i o n a l  f o r c o  i n  t h e  sample z o n e .  
However, a t  t h i s  s t a g e  i n  t h e  a u t h o r Ts s t u d i e s ,  a s m a l l e r  
and f a s t e r  v e r s i o n  o f  th e  A -type  r o t o r  -  t h e  HS r o t o r  -  
became a v a i l a b l e ,  and i t  seemed b e s t  t o  u se  t h i s  r o t o r  
f o r  ly so so m a l  s e p a r a t io n s *
3 D e te r m in a t io n  o f  t h e  Most S u i t a b l e  Z o n a l  C e n t r i f u g a t i o n
Cond i t i o n s  f o r  t h e  P u r i f i c a t i o n  o f  Lysosomes i n  an HS -
Ty p e -Z o n a l  H oto r
I n i t i a l l y ,  a s h o r t  s e r i e s  o f  e x p e r im e n t s ,  i l l u s t r a t e d  
in  F ig u r e  *+.2, were c a r r i e d  o u t  t o  d e te rm in e  th e  b e s t  
c o m b in a t io n  o f  g r a d i e n t  and c e n t r i f u g a t i o n  t im e  t o  
s e p a r a t e  ly so so m es  from  m icrosom es and m i to c h o n d r i a .
The g r a d i e n t s  were e s s e n t i a l l y  l i n e a r ,  t h e  s t e e p  c u rv e  
a t  t h e  den se  end o f  t h e  g r a d i e n t  b e in g  fo rm ed  b y  d i f f u s i o n  
o f th e  c u s h io n .  There i s  a d e n s i t y  s t e p  b e tw een  t h e  
o v e r l a y  and th e  sample zone a t  t h e  b e g in n in g  o f  th e  
g r a d i e n t .  The s lo p e  o f  th e  f o u r  g r a d i e n t s  u se d  i n  
th e s e  i n i t i a l  e x p e r im e n ts  was s i m i l a r ,  b u t  e a c h  c o v e re d  
a d i f f e r e n t  d e n s i t y  r a n g e .  S in ce  th e  s e d im e n ta t io n  
c o e f f i c i e n t  o f  ly sosom es  i s  b e tw een  t h a t  o f ,m i t o c h o n d r i a  
and 'micro-somes 5 i t  was i n te n d e d  t o  f i n d  c o n d i t i o n s  u n d e r  . '
w hich  th e  Dysosomes would g iv e  a d i s c r e t e  band  i n  t h e  
c e n t r e  of t h e  g r a d i e n t ,  w h i le  t h e  m i to c h o n d r ia -w o u ld  
re m a in  banded  a t  t h e  end o f  t h e . g r a d i e n t . a n d  t h e  m ic ro ­
somes would re m a in  c lo s e  t o  the, o r i g i n a l  s t a r t i n g  z o n e .
In  a l l  o f  th e  e x p e r im e n ts  i l l u s t r a t e d  i n  F ig u r e  *+.2, t h e  
sample m a t e r i a l  was t h e  p o s t - n u c l e a r  f r a c t i o n  ( s u p e r n a t a n t  
from  'an 800 g s p in  f o r  10, m in u te s )  o f  a 1 : 10 h o m o g en a te .
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Legend to Figure if.2
Zonal centrifugation of !post-nuclear* fraction 
obtained from a 1 % 10 homogenate of rat liver on a number 
of different gradients in an HS rotor.
Centrifugation was at 9,000 r.p.m. for §
Hun No. 1 7 minutes
The amount of material loaded corresponds to approx. 
Z g of original liver in 20 ml.
Acid phosphatase activity was assayed against 
p-nitrophonylphosphate.
No. 3 
No. b
No, 2 53 minutes 
30 minutes 
35 minutes
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The f i r s t  p r o t e i n  p e a k ,  i n  e a c h  e x p e r im e n t , r e p r e s e n t s ,  
p r i m a r i l y ,  t h e  s o lu b le  and m ic ro so m al m a t e r i a l  t h a t  h a s  
sp re a d  v e r y  l i t t l e  from  th e  o r i g i n a l  s t a r t i n g  z o n e ,
Rim No. 1 was o f  v e r y  s h o r t  d u r a t i o n ;  a c c e l e r a t i o n  t im e  
was 11 m in u te s ,  c e n t r i f u g a t i o n  a t  95000 r . p . m .  was f o r  
7 m in u te s  and d e c e l e r a t i o n  t o  1 ,5 0 0  r . p . m .  was o v e r  15
m in u te s .  The l i n e a r  p a r t  o f  th e  g r a d i e n t  c o v e re d  t h e
\
law  d e n s i t y  r a n g e  be tw een  d e n s i t y  1 ,0 3  and I . 05 . The 
m i to c h o n d r i a  have  a l r e a d y  r e a c h e d  t h e i r  i s o p y c n ic  d e n s i t y  
and t o g e t h e r  w i th  any  a g g re g a te d  m a t e r i a l  and any 
re m a in in g  n u c l e i  a re  i d e n t i f i e d  b y  th e  seco nd  p r o t e i n  
p e ak  a t  d e n s i t y  1 , 2 .  Acid p h o s p h a ta s e  r e p r e s e n t s  
s o l u b l e  enzyme and a wide s p re a d  o f  a c t i v i t y ,  w hich  
r e p r e s e n t s  t h e  ly sosom os a c r o s s  t h e  g r a d i e n t .  I n  t h i s  
s e r i e s  o f  e x p e r im e n t s ,  a c i d  p h o s p h a ta s e  a c t i v i t y  was 
a s s a y e d  a g a i n s t  p - n i t r o p h e n y l p h o s p h a t e , which, a s  e x p e c t e d ,  
shows a h i g h e r  p r o p o r t i o n  o f  s o l u b l e  a c t i v i t y  th a n  w i th  
g ly c e r o p h o s p h a te  a s  u s e d  i n  l a t e r  e x p e r im e n t s .  At 
t h e  l i g h t  end  o f  t h e  g r a d i e n t ,  t h e  ly sosom os a re  p o o r l y  
s e p a r a t e d  fro m  th e  m ic ro so m al m a t e r i a l  an d ,  a t  t h e  den se  
e n d ,  a se c o n d ,  s m a l l e r  p e ak  o f  a c i d  p h o s p h a ta s e  a c t i v i t y  
c o in c id e s  w i t h . t h e  m i to c h o n d r i a l  p e a k .  T h is  p e ak  may 
r e p r e s e n t  a d so rb e d  a c t i v i t y ,  a g g re g a te d  m a t e r i a l  
e n t r a p p in g  ly so so m o s ,  o r  t h e  h e a v i e r  J f r e e 1 ly so so m o s ,  
w h ich , h a v in g  se d im e n te d  th r o u g h  t h e  r e l a t i v e l y  s h a l lo w  
low  d e n s i t y  p a r t  o f  th e  g r a d i e n t ,  a r e  b e g in n in g  t o  fo rm  
a  band  a t  t h e i r  i s o p y c n ic  d e n s i t y .  T h is  d e n s i t y ,  b e in g  
can th e  sh a rp  g r a d i e n t  s t e p ,  i s  v e r y  c lo s e  t o  t h e  
m i t o c h o n d r i a l  b a n d .
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In an attempt to retard the sedimentation of the 
lysosomos and still sediment the mitochondria to the end 
of the gradient, a gradient with a more dense linear range 
was used in run No. 2, Iho centrifugation time at 9,000 
mp.m. was increased to minutes. However, in this 
instance, the mitochondria were not fully sedimented; 
the lysosomos, although spread across the gradient, were 
mostly retained near the lighter end of the gradient.
Runs No, 3 and b illustrate the lysosomal distrib­
ution obtained using parallel gradients intermediate 
between those used in 1 and 2, together with intermediate 
centrifugation times. In both instances, the mitochondria 
have reached their isopycnic densities. Run No. 3 has 
the lower density linear gradient (1,05 to 1*07) and shows 
a very wide spread of lysosomal acid phosphatase activity 
- comparable with that found originally in run No. 1.
Run No. V, with a gradient linear from.1.11 to 1.13} 
shows a lysosome distribution very similar to that found 
in run No. 2. It was therefore concluded that, with a 
simple linear gradient, it was not possible to keep the 
largest lysosomes away from the mitochondrial band while 
giving time for the smaller lysosomes to separate from 
the microsomes. Accordingly, in the next experiment, 
illustrated in Figure ^,3} the gradient was modified to 
have a steeper linear part ranging from 1.0*+ to 1.13.
This served to reduce the Jtumbling1 of the lysosomes 
through the gradient as experienced in runs 1 and 3.
Xhe exponential rise at the end of the gradient is designed
-  19>+ -
Legend to Figures and b . h
Patterns obtained after centrifugation of a post- 
nuclear fraction, obtained from a 1 ; 10 rat liver 
homogenate, in an HS rotor at 9 ,0 0 0 r.p.m. for 1 hr.
The sample material corresponded to 2 g of rat liver 
and occupied 20 ml.
The gradient used in these experiments was subsequently 
adopted as a standard for this series of experiments and 
is as described in the Materials and Methods section.
Rotor temperature in Figure h.h- was 0 - 2° but that 
in Figure h.3 was higher (see text),
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T ab le  h .2 a  The d i s t r i b u t i o n  o f  m a t e r i a l  a c r o s s  th e  z o n a l 
g r a d ie n t  a f t e r  th e  f r a c t i o n a t i o n  o f  a  p o s t -  
n u c le a r  s u p e r n a ta n t  on an HS r o t o r .
The f r a c t i o n s  o b ta in e d  from  th e  ru n  shown i n  F ig u re  
h .h  have  b e en  g ro u p ed  -  th e  g ro u p s  c o rre s p o n d in g  t o  th e  
p eak  o f  th e  s o lu b le  m a t e r i a l  and th e  m icro so m al p e a k ; 
th e  ‘l ig h t /  ly so so m a l r e g io n ;  t h e ’heavy* ly so so m a l r e g io n ;  
a n d  th e  m ito c h o n d r ia l  p e a k , w h ich  a l s o  in c lu d e s  th e  
a g g re g a te d  m a t e r i a l .  The v a lu e s  f o r  th e  d e r iv e d  
f r a c t i o n s  a re  g iv e n  a s  a p e rc e n ta g e  o f  th e  t o t a l  a c t i v i t y  
^ -ecovered  from  th e  z o n a l  r o t o r .
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Table 4.2b
As Table 4* 2a, but re su lts  re fer  to  the run shown in  Figure 4*5* 
Figures in  brackets are the p u rifica tio n  related to protein*in each 
region over the homogenate.
Recovery figures represent the percentage of sample a c t iv ity  
recovered from the gradient.
i
j Protein
i
l
ij
| G6Pase
i .
Acid
Pase
Acid
RNase
Succinic
dehydro­
genase
• -  ■ 
Urioase Aik.
RNase
£
!
/° % % % ef7° %
Region 1 
(tubes 
1-10)
! 68.2 78.3 2 9 .1
(0 .4)
25.7
(0 . 4 )
20.1 7.1
(0 .1)
6 2 . 1
(0 .7 )
Region 2 
(tubes 
11-18)
i
! 5 .4!
5.6• 39.6  / _ - \
u . i ;
30.4  / *■ _ \ 1.1 66.2  / “f a\\ U . V )
12.8/ j ~r\V'. 1/
Region 3
(tubes
19-25)
5 .8
■
2.4 21.2
(3.6)
26.0
(5.2)
7.1 22.2
(5 .3 )
4.1
(0 .5)
Region 4
(tubes
26-32)
20.6
I
13.6 10.0
(0.5)
i
17.9
(1 .0)
71.8 4 .5  . 
(0 .3 ).
■'
21.0
(0 .7 )
%
Recovery 101.7
!
I'
, 104.4
\
66.8 124.8 1 2 6 . 1 83.9 103.7
Legend t o  F ig u re
P a t t e r n  o b ta in e d  a f t e r  c e n t r i f u g a t i o n  o f  a p o s t -  
n u c le a r  f r a c t i o n  o b ta in e d  fro m  a 1 s 10 r a t  l i v e r  
hom ogenate i n  an  HS r o t o r  a t  9?000 r .p .m .  f o r  m in u te s  
( te m p e ra tu re  0 -  2 ° ) .
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t o  h o ld  b a c k  th e  l a r g e r  ly so so m o s , w h i l s t  th o  f l a t t e r  
l i n e a r  p a r t  o f  th e  g r a d i e n t  im m e d ia te ly  a f t e r  th e  sam ple 
zone a llo w s  th e  g r e a t e s t  s e p a r a t io n  o f th e  s m a lle r  
ly so so m es fro m  th e  m icrosom os* I n  o rd e r  t o  o b t a in  a 
b e t t e r  s e p a r a t io n  fro m  th e  m ic ro so m es , th e  c e n t r i f u g a t i o n  
tim e  was in c r e a s e d  t o  1 h o u r  ( a g a in  a t  9 j0 0 0  r . p . m . ) .
In  t h i s  e x p e r im e n t a  num ber o f  a d d i t i o n a l  enzyme 
a s s a y s  and an RNA d e te r m in a t io n  w ere p e rfo rm e d  on e a c h  
f r a c t i o n .  S u c c in ic  d e h y d ro g e n a se , n o rm a lly  l o c a te d  i n  
th e  m ito c h o n d r ia l  m a tr ix  was a s sa y e d  to  c o n firm  th e  
l o c a t i o n  o f  th e  m i to c h o n d r ia l  p e a k i The p o s i t i o n  o f  
AMPase, a m ark er enzyme f o r  p lasm a  m em brane, shows t h a t  
th e  ly so so m a l r e g io n  was n o t  c o n ta m in a te d  b y  sm a ll  s h e e ts  
o f  p lasm a m em brane. In  F ig u re  **.3j th e  seco n d  p e ak  o f  
AMPase a c t i v i t y  was fo u n d  a t  a s l i g h t l y  h ig h e r  d e n s i ty  
th a n  t h a t  o f  s u c c in ic  d e h y d ro g e n a se . I t  was c o n s id e r e d  
t h a t ,  i f  t h e r e  h ad  b een  any  m ito c h o n d r ia l  d i s r u p t i o n ,  
th e  o u te r  m ito c h o n d r ia l  membrane may w e l l  f o l lo w  th e  
AMPase p l o t ;  h o w ev er, on a s s a y in g  f o r  m o n o am in eo x id ase , 
a m arker enzyme f o r  m i to c h o n d r ia l  o u te r  m em brane, b o th  o f  
th e  m ito c h o n d r ia l  enzym es b an d ed  a t  a d e n s i ty  o f  1 .2 .
In  su b s e q u e n t e x p e r im e n ts ,  i t  was o n ly  c o n s id e re d  n e c e s s a r y  
t o  a s s a y  f o r  one m ito c h o n d r ia l  enzyme -  n a m e ly , s u c c in i c  
d e h y d ro g e n a se .
The d i f f e r e n c e  i n  th e  d i s t r i b u t i o n  b e tw een  a c id  
p h o sp h a ta s e  and a c id  RNase a c t i v i t i e s  shows t h a t  a 
s e p a r a t io n  o f  d i f f e r e n t  ty p o s  o f  ly so so m e s  h a s  b e en  
a c h ie v e d  -  th e  p a r t i c l e s  c o n ta in in g  a c id  BNase h a v in g
-  202 -
se d im e n te d , on a v e ra g e ,  r a t h e r  f u r t h e r  th ro u g h  th e  g r a d i e n t  
th a n  th o s e  c o n ta in in g  a c id  p h o s p h a ta s e .  In  t h i s  
e x p e r im e n t ,  th e  ly so so m es have  se d im e n te d  w e l l  i n t o  
th e  m ito c h o n d r ia l  zo n e ; h o w ev er, when th e  e x p e r im e n t 
was r e p e a te d  (F ig u re  ^ A ) ,  th e  m ain  p e ak s  o f  th e  a c t i v i t i e s  
o f  ’bhe tw o enzym es w ere fo u n d  n e a r e r  th e  c e n t r e  o f  th e  
g r a d ie n t  w ith  much l e s s  o v e r la p  w ith  th e  m ito c h o n d r ia l  
z o n e . T h is  l a t t e r  d i s t r i b u t i o n  was fo u n d  t o  be t y p i c a l  
u n d e r th e  s ta n d a r d  c e n t r i f u g a t i o n  c o n d i t io n s  q u o te d .
The m ost p ro b a b le  e x p la n a t io n  f o r  th e  g r e a t e r  ly so so m a l 
s e d im e n ta t io n  r a t e  fo u n d  i n  th e  f i r s t  e x p e r im e n t i s  t h a t  
th e  te m p e ra tu re  w i th in  th e  r o t o r  m ust have  r i s e n  above 
th e  s ta n d a r d  s e t t i n g  o f  0 -  2 ° ,  th e  s e d im e n ta t io n  
c o e f f i c i e n t  b e in g  m ark ed ly  d e p e n d e n t upon  te m p e r a tu r e .
The d i f f e r e n c e  i n  th e  d i s t r i b u t i o n  o f  a c id  p h o s p h a ta s e  
and a c id  RNase i n  th e  ly so so m a l r e g io n  was sh o rn  t o  b  e 
c o n s i s t e n t .  S in ce  some o f  th e  ly so so m e s , nam ely  th e  
a c id  R N a s e -c o n ta in in g  ly so so m e s , a re  s e d im e n tin g  f u r t h e r  
i n t o  th e  g r a d i e n t  th a n  was p r e v io u s ly  su p p o sed  i n  r u n s  
No. 1 t o  b 9 i n  th e  n e x t  e x p e r im e n t th e  c e n t r i f u g a t i o n  
tim e  was re d u c e d  t o  m in u te s  (9,000 r . p .m . )  (F ig u re  *f.5) 
i n  o rd e r  t o  r e t a i n  th e  m ain p e a k s  o f  th e  two ly so so m a l 
enzym es i n  th e  c e n t r e  o f  th e  g r a d i e n t  and re d u c e  th e  
s e d im e n ta t io n  i n t o  th e  m ito c h o n d r ia l  r e g i o n .  The u r i c a s e  
p l o t  i n  F ig u re  *+.5 shows t h a t  t h e r e  i s  l i t t l e  s e p a r a t i o n  
b e tw een  th e  ly so so m es and p e ro x iso m e s  d u r in g  s e d im e n ta t io n  
under th e s e  p a r t i c u l a r  e x p e r im e n ta l  c o n d i t i o n s ;  th e  
p e ro x iso m e s , h o w ev er, a p p e a r  t o  bo more u n ifo rm  and
-  203 -
sed im en t a s  a d i s c r e t e  b a n d . I t  i s  w o rth  n o t in g  t h a t  
th e  r e l a t i v e l y  sh a rp  p eak  o f  u r i c a s e  a c t i v i t y  i n d i c a t e s  
t h a t  th e  b ro a d  s p re a d  o f  a c id  h y d r o la s e s  i s  due t o  
h e te r o g e n e i ty  i n  th e  s iz e  o f  th e  ly so so m e s , n o t  t o  p o o r 
r e s o l u t i o n  i n  th e  g r a d i e n t  sy s te m .
The G6Pase d i s t r i b u t i o n  i n  F ig u re s  *+.3 and shows 
t h a t  th e  m icrosom es have  s t a r t e d  t o  se d im e n t i n t o  th e  
g r a d i e n t s ;  a sm a ll  second  p e ak  o f  G6Pase a c t i v i t y  
c o in c id e s  w ith  th e  p eak  o f  s u c c in ic  d eh y d ro g en ase  
a c t i v i t y  and p ro b a b ly  r e p r e s e n t s  a g g re g a te d  m a t e r i a l .
The RNA p l o t  shows an i n i t i a l  p eak  c o r re s p o n d in g  t o  th e  
s o lu b le  and m ic ro so m al RNA and a s m a lle r  b u t  n e v e r t h e l e s s  
s u r p r i s i n g l y  l a r g e  p e ak  i n  th e  m ito c h o n d r ia l  r e g i o n ,  
a g a in  show ing th e  p re s e n c e  o f  a d h e r in g  o r a g g re g a te d  
m icro so m es. T h is  seco n d  p e a k  o f  RNA and G 6 P a s e - ' 
c o n ta in in g  a g g re g a te d  m a t e r i a l  c o u ld  r e p r e s e n t  an 
a s s o c i a t i o n  b e tw een  m ito c h o n d r ia  and e n d o p la sm ic  r e t i c u lu m  
i n  v iv o  o r en d o p la sm ic  r e t i c u lu m  f ra g m e n ts  a d h e r in g  t o  
th e  m ito c h o n d r ia  d u r in g  sam ple p r e p a r a t i o n .
A lk a lin e  RNase showed a com plex d i s t r i b u t i o n  p a t t e r n  
w hich  w i l l  bo c o n s id e re d  l a t e r  i n  t h i s  c h a p te r .
T ak ing  i n t o  a c c o u n t th e  e x p e r im e n ts  w ith  th e  t r i a l  
g r a d i e n t s ,  th e  t h e o r e t i c a l  r e a s o n s  f o r  th e  d e s ig n  o f  th e  
g r a d i e n t  u se d  i n  F ig u r e s  ^ .3  and h .h  h ave  b e en  d e s c r ib e d ,  
a n d , i n  p r a c t i c e ,  t h i s  g r a d i e n t  gave a  c l e a r  s e p a r a t i o n  
b e tw een  th e  m ain m ic ro so m a l, ly so so m a l and m i to c h o n d r ia l  
p e a k s . H ence , t h i s  g r a d i e n t  was a d o p te d  a s  s ta n d a r d  i n  
a l l  su b se q u e n t ly so so m a l p u r i f i c a t i o n  e x p e r im e n ts .
-  20^ -
Pattern obtained after centrifugation of a resuspended 
mitochondrial/lysosomal fraction in an HS rotor at 9,000 
r.p.m. for minutes, when too much material has been 
loaded onto the gradient.
The sample corresponds to 21 g of original liver in 
a sample volume of 30 ml.
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Legend to  F ig u r e s  A . 7a and *+.8
As fo r  F igu re *t.6 , b u t th e  s iz e  o f  th e  sample h as  
been red uced  to  avo id  o v e r lo a d in g .
F igu re ^ .7a corresp on d s t o  9 g o f  o r ig in a l  l i v e r  in  a 
20  ml sample volum e. F igu re  **.8 corresp on d s t o  11  g 
o f o r ig in a l  l i v e r  in  a 19 ml sample volum e.
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Lggonfl t o  F ig a ro  b.7b.
Enzyme and p ro te in ,  d i s t r i b u t i o n  p a t t e r n s  -o b ta in e d
when th o  f r a c t i o n s  i n  th e  r e g io n s  1 ,  2 and 3 from  th e  HS
*
z o n a l  f r a c t i o n a t i o n  o f  a c ru d e  m ito c h o n d r ia l / ly s o s o m a l  
f r a c t i o n  fro m  n o rm al r a t  l i v e r ,  shown i n  F ig u re  ^ .T b j  
were, p o o le d ,  d i l u t e d ,  se d im e n te d  (^ 0 ,0 0 0  r .p .m .  f o r  1 h r  
i n  an  8 x  25 ml a n g le  h e a d  r o t o r  i n  an  M .S.Ei S u p e rsp e e d  
c e n t r i f u g e )  , re s u s p e n d e d  i n  a minimum volume o f  
OvZj M s u c r o s e ,  l a y e r e d  o n to  sm a ll  tu b e  g r a d i e n t s  (1 -2  M 
s u c ro s e )  and su b m itte d  t o  i s o p y c n ic  d e n s i ty  c e n t r i f u g a t i o n  
i n  a 3 x  20 ml sw in g -o u t r o t o r  ( 3 0 ,0 0 0  r .p .m ,  f o r  2 h r ) .  
The sam ples c o rre sp o n d  t o  th e  r e g io n s  o f  th e  fl i g h t ! 
ly so so m a l r e g io n ,  th e  !h e a v 3^ ! ly so so m a l r e g io n  and th e  
r e g io n  o f  th e  m ito c h o n d r ia  and  a g g re g a te d  m a t e r i a l .
-  209 -
P r o te i n
Acid BNase
« ° - a
Ok
0  or 
O - tr  0~
■ 0 -0 '
\ w5e«-...
il.O
■p
-jS-O' m* o<K \ 
a - « -  ^
2010
S u c c in ic
D ehydrogenase
20
2 / 0
The m ethod o f  p r e p a r in g  t h i s  g r a d i e n t  h a s  b e en  d e s c r ib e d  
i n  th e  M a te r i a l s  and M ethods s e c t i o n .
As c an  be  se en  from  T a b le s  b 92 and ^ .3 ?  t h e r e  was 
s t i l l  a c o n s id e r a b le  c o n ta m in a tio n  o f  th e  ly so so m a l 
r e g i o n ,  e s p e c i a l l y  th e  r e g io n  o f  th e  s m a l le r  ly so so m e s , 
b y  th e  m ic ro so m es . T h is  i s  p a r t i c u l a r l y  t r u e  w i th  th e  
re d u c e d  c e n t r i f u g a t i o n  tim e  (T ab le  C le a r ly ,  th e
u se  o f  th e  co m p le te  p o s t - n u c le a r  f r a c t i o n  was n o t  e n t i r e l y  
s a t i s f a c t o r y ,  f o r  no more th a n  th e  e q u iv a le n t  o f  2 g o f  ' 
l i v e r  c o u ld  be lo a d e d  w i th o u t  r i s k i n g  g r o s s  c o n ta m in a tio n  
o f  th e  ly so so m es b y  m ic ro so m es , I f  m ost m icrosom es w ere 
rem oved b y  u s in g  as sam ple a c ru d e  m i to c h o n d r ia l / ly s o s o m a l  
f r a c t i o n ,  p r e p a re d  a s  d e s c r ib e d  i n  th e  M a te r ia l  and 
M ethods s e c t i o n ,  th e n  m a t e r i a l  from  9 g c o u ld  be lo a d e d  
(F ig u re s  h .J  and U-,8). H ow ever, i f  much more m a t e r i a l  
was u s e d ,  a s  i n  th e  e x p e r im e n t shown i n  F ig u re  *+.6, w here 
m a t e r i a l  from  23 g o f  l i v e r  was lo a d e d ,  th e n  th e  g r a d i e n t  
was h e a v i ly  o v e r lo a d e d  and v e ry  p o o r d e f i n i t i o n  was 
o b ta in e d .
S e v e ra l  s e p a r a t io n s  u s in g  a re s u s p e n d e d  m i to c h o n d r i a l /  
ly so so m a l f r a c t i o n  w ere p e rfo rm e d  u s in g  th e  s ta n d a r d  
g r a d ie n t  and  a *+5 m inu te  c e n t r i f u g a t i o n  t im e .  F ig u r e s  
k x7 and  *+.8 a re  t y p i c a l  o f  th e  s e p a r a t io n  p a t t e r n s  
o b ta in e d .  I n  o rd e r  t o  a v e ra g e  th e  r e s u l t s ,  th e  g r a d i e n t  
h a s  b e e n  d iv id e d  i n t o  f i v e  r e g i o n s ,  n a m e ly , th e  s o lu b le  
r e g i o n ,  th e  m ic ro so m al r e g i o n ,  th e  ^ i g h t 1 ly so so m a l 
r e g io n ,  th e  Th e a v y ! ly so so m a l r e g io n  and th e  m ito c h o n d r ia l  
r e g i o n ,  w hich  a l s o  c o n ta in s  th e  a g g re g a te d  m a t e r i a l .
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Distribution of material across the zonal gradient 
after the fractionation of the mitochondrial/lysosomal 
fraction on a zonal HS rotor. For the purpose of 
averaging experiments, tubes were grouped according to 
particle sedimentation coefficient. The left column 
gives the numbers of the fractions grouped into each 
region in the run shorn in Figure *+.8. The activity 
in the mitochondrial/lysosomal fraction loaded into the 
zonal rotor is given as a percentage of the activity in 
the homogenate; the activities in derived fractions are 
given as a percentage of the total activity recovered 
from the zonal rotor. The purification of each enzyme 
in each fraction over the homogenate activity is given in 
brackets, based on the protein content. For protein, 
the term ’activity1 (also used in the Figures) means 
amount.
x about 55$, but the wide scatter of results prevents 
much confidence being placed in this value;
recovery in some samples was reduced by cross-leakag
during loading of the sample; the values in this line 
show how much of the M/L fraction was accounted for, 
whereas the percentages given for the individual regions 
are expressed as percentages of the total activity 
recovered from the rotor.
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The so regions contain material which, if not isopycnically 
handed, would have the sedimentation coefficients of 
approximately 0 - 3,000 S; 3 - 7>000 S; 7 - 11,000 S;
11 - 20,000 S and greater than 20,000 S. Table if.3 
shows the average distribution of protein and enzyme 
activities across the zonal gradient in those five 
regions. The protein and enzyme activity values are 
given as a percentage of the total protein or activity 
recovered from the rotor. The average percentages of 
the whole homogenate protein or enzyme activity which 
is contained in the mitochondrial/lysosomal fraction 
loaded into the rotor have been tabulated. Hence, the 
purification of each enzyme, in each region of the 
gradient, over the homogenate activity has been determined, 
based on the protein content. As can be seen in Table
V.3, the average purification of acid phosphatase in the
light lysosomal region was about 16 times. The average 
purification of acid RNase in the same region was of the
order of 11.0 times, however, the figures for the
percentage of the acid RNase activity in the mitochondrial/ 
lysosomal fraction loaded showed a wide scatter and so
this figure is only app r o x i m a t e . _____________________
In individual experiments the lysosomal enzyme 
purification may be much better than the figures quoted 
and, certainly, if individual fractions are considered 
rather than the pooled regions, better purification 
figures will be obtained. But, nevertheless, the lyso­
somes are still heavily contaminated with mitochondria
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o r f ra g m e n ts  o f  en d o p la sm ic  r e t i c u lu m .
The r e s u l t s  from  th e  t r i a l  g r a d i e n t s  w ere com puted
t o  d e te rm in e  th e  s e d im e n ta t io n  c o e f f i c i e n t s  o f  th e
p a r t i c l e s  c o n c e rn e d  a n d , s u b s e q u e n t ly ,  t h e  shape o f  th e
s ta n d a r d  g r a d i e n t  and th e  c e n t r i f u g a t i o n  tim e  w ere c o n firm e d
m a th e m a tic a l ly  t o  be th e  m ost s u i t a b l e  t o  g iv e  th e  b e s t
s e p a r a t io n  o f  ly so so m es from  th e  o th e r  c e l l u l a r  co m p o n en ts .
H ence , t o  o b t a in  b e t t e r  p u r i f i c a t i o n  f i g u r e s  o f  u n m o d if ie d
ly so so m e s , a f u r t h e r  p u r i f i c a t i o n  p ro c e d u re  m ust be  u se d
a f t e r  z o n a l  c e n t r i f u g a t i o n .
In  T ab le  ^t-,3, th e  d i s t r i b u t i o n  o f  a n o th e r  ly so so m a l
enzym e, a c id  p h o s p h o d ie s te r a s e  (a s s a y e d  i n  th e  p re s e n c e
o f  EDTA) h a s  a l s o  b e e n  t a b u l a t e d  (F ig u re  F u r th e r
r e f e r e n c e  t o  t h i s  enzyme and a l s o  t o  a l k a l i n e  RNase w i l l
be made l a t e r  i n  t h i s  c h a p te r .
E le c t r o n  M ic ro sc o p ic  E x a m in a tio n  o f  L ysosom al M a te r i a l  
F r a c t io n a t e d  "on 1m HS Z o n a l Ho For
F r a c t io n s  from  th r e e  o f  th e  r e g io n s  shown i n  T ab le  *+.3, 
nam ely  th e  1l i g h t f ly so so m a l r e g io n ,  th e  rh e a v y 1 ly so so m a l 
r e g io n  and th e  m ito c h o n d r ia l  r e g io n ,  w ere p o o le d , d i l u t e d  
and th e  p a r t i c u l a t e  m a t e r i a l  s e d im e n te d . D r, A, E l- A a s e r ,  
i n  t h i s  l a b o r a to r y ,  k in d ly  p r e p a re d  e l e c t r o n  m ic ro g ra p h s
o f  th e  t h r e e  p e l l e t s .  The p e l l e t s  w ere f i x e d  i n  OsQ^,______
d e h y d ra te d  and f i x e d  i n  A ra ld i te $  50 -80  mfj s e c t i o n s  w ere 
th e n  . s t a i n e d  w ith  l e a d .  The t y p i c a l  e l e c t r o n  m ic ro ­
s c o p ic  a p p e a ra n c e  o f  th e  t h r e e  peaks i s  shown in  P l a t e s  
1 -3 .
P l a t e  1 shows t h a t  th e  1l ig h t*  ly so so m a l r e g io n  i s  
v e ry  c o n ta m in a te d  w ith  ro u g h  en d o p la sm ic  r e t i c u lu m .
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Legend to  P l a t e s  1 -  3k w iM  ■■*»»! 10 w ■« wc—. *at c m  m i  ii m  i m u  »n i n W i
E le c tro n m ic ro g ra p h s  o f  m a t e r i a l  s e d im e n te d  from  
th e  r e g io n s  o f  a n  HS z o n a l g r a d i e n t  c o r re s p o n d in g  to  
th e  ’l ig h t*  ly so so m a l r e g io n ,  ( P l a te  1 ) ,  th e  ’h e a v y ’ 
ly so so m a l r e g io n ,  ( P l a te  2 ) and  th e  m ito c h o n d r ia l  
reg ion  ( P l a t e  3)-
P l a t e 1 12,000 X
P l a t e 2 16 ,00 0 u\.
P l a t e 3 ^2,000 X
- 2 1 6  -
Plat© 2
>  > * ♦->:
Plat© 1
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Plat© 3
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T h is  a g re e s  w ith  th e  r e s u l t s  sh o rn  i n  T ab le  *+.3 w h ich  
shows t h a t  a b o u t l5jfc o f  th e  G6Pase a c t i v i t y  i s  fo u n d  in  
t h i s  r e g io n s  th e  e n d o p la sm ic  r e t i c u lu m  p ro b a b ly  c o n t r i b u t e s  
a  v e ry  c o n s id e r a b le  p r o p o r t io n  o f  th e  p r o t e i n  i n  t h i s  
r e g io n .  The ro u g h  e n d o p la sm ic  r e t i c u lu m  se d im e n ts  m ore 
r a p i d l y  th a n  th e  sm ooth e n d o p la sm ic  r e t ic u lu m  and h e n ce  
more rib o so m es  se d im e n t i n to  t h i s  r e g io n .  I n  P l a t e  2 , 
w hich  shows th e  ’heavy* ly so so m a l r e g io n ,  o n ly  a  few  r i b o ­
somes a r e  p r e s e n t .  The ly sosom es a r e ,  ho w ev er, v e r y  
c o n ta m in a te d  w ith  m ito c h o n d r ia l  g h o s t s .  The m i to c h o n d r ia l  
r e g io n  ( P l a t e  3 ) shows w hole m ito c h o n d r ia ,  m ito c h o n d r ia l  
g h o s ts  and  some a g g re g a te d  m em braneous m a t e r i a l .
5 Th e  Pur i f i c a t i o n  in  a H S -type  R o to r  o f  Lysosom es f rom
R at L iv e r  Tr e a t e d  w ith  T r i to n  TO-1339
I n j e c t i n g  r a t s  w ith  a f a i r l y  l a r g e  d o se  o f  T r i t o n  
WR-1339 th r e e  days b e fo r e  k i l l i n g  c a u se d  a c o n s id e r a b le  
change in  th e  s e d im e n ta t io n  p a t t e r n  o f  th e  a c id  h y d r o la s e s  
when th e  l i v e r  m ito c h o n d r ia l / ly s o s o m a l  f r a c t i o n  was 
c e n t r i f u g e d  in a n H S - ty p e  r o t o r  a s  d e s c r ib e d  e a r l i e r .
The a c id  p h o s p h a ta s e - c o n ta in in g  p a r t i c l e s ,  w h ich  i n  th e  
u n t r e a t e d  a n im a ls  se d im e n t more s lo w ly  th a n  th e  p a r t i c l e s  
c o n ta in in g  a c id  RNase (F ig u re  * f .8 ) ,  se d im e n t f a s t e r  i n  th e  
t r e a t e d  a n im a ls  (F ig u re  *+.9a). The s o lu b le  r e g io n  i n  
th e  ’ t r i to s o m e  s e p a ra t io n *  (F ig u re  *f.9a) c o n ta in s  
c o n s id e r a b ly  m ore a c id  RNase and a c id  p h o s p h a ta s e  th a n  
th e  c o r re s p o n d in g  s e p a r a t io n  o f  a  n o rm a l l i v e r  m i to c h o n d r ia l  
/ ly s o s o m a l  f r a c t i o n  (F ig u re  *+.8), s u g g e s t in g  t h a t  th e  
ly so so m es a r e  more f r a g i l e .  T h e o r e t i c a l l y ,  i t  i s
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Log end  to  F ig u re  Li-.9a
P a t to r n  o b ta in e d  a f t e r  c e n t r i f u g a t i o n  o f  a re s u sp e n d e d  
m ito c h o n d r ia l / ly s o s o m a l  f r a c t i o n  o f  T r i to n  MR-1339- 
t r e a t e d  r a t  l i v e r , i n  an HS r o t o r  a t  9 ,0 0 0  r .p .m .  f o r  *+5 
m in u te s  a t  0 -2 ° .  T r i to n  MR-1339 (2 .5  g A g  body  w t . )  
was i n j e c t e d  i n t r a p e r i t o n e a l l y  th r e e  days b e f o r e  k i l l i n g .
Legend to  F ig u re  *+.9b
D i s t r i b u t i o n  o f  enzyme a c t i v i t i e s  and p r o t e i n  a f t e r  
is o p y c n ic  b a n d in g  o f  f r a c t i o n s  s e p a r a te d  from  a T r i to n  
WR-1 3 3 9 -t r e a t e d  r a t  by  c e n t r i f u g a t i o n  i n  a HS z o n a l  
r o t o r .
F r a c t io n s  from  th e  ru n  shown i n  F ig u re  *+.9a w ere 
p o o le d  from  re g io n s  1 , 2 and 3 9 a s  i n d i c a t e d ,  d i l u t e d  
w ith  d i s t i l l e d  w a te r ,  and p a r t i c l e s  o f  m ic ro so m al s iz e  
and l a r g e r  w ere c o l l e c t e d  b y  s e d im e n ta t io n  f o r  1 h r  a t  
*+0,000 r .p .m .  i n  an 8 x  25 ml a n g le -h e a d  r o t o r  i n  an 
M .S .S . ’S u p e rsp e e d  5 ° l c e n t r i f u g e .  The p e l l e t s  w ere 
re s u sp e n d e d  i n  a minimum volume o f  0 .2 5  M s u c r o s e ,  l a y e r e d  
on to  1 -2  M su c ro se  g r a d i e n t s  i n  th e  tu b e s  o f  a 3 x  25 
ml sw in g -o u t r o t o r  and c e n t r i f u g e d  f o r  2 h r  a t  3 0 ,0 0 0  
r .p .m .  The th r e e  r e g io n s  exam ined  c o rre s p o n d  t o  th e  
r e g io n s  o f  th e  ’l i g h t 1 ly so so m a l r e g io n ,  th e  ’h e a v y ’ 
ly so so m a l r e g io n  and th e  r e g io n  o f th e  m ito c h o n d r ia  and 
a g g re g a te d  m a t e r i a l .
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p o s s i b l e  t h a t  t h e  a c t i v i t y  o f  t h e  s u p e r n a t a n t  a c i d  RNase 
enzyme was e l e v a t e d  i n  th e  a n im a l  as  a r e s u l t  o f  t h e  
T r i t o n  T/JR-1339 t r e a t m e n t ,  b u t  s i n c e  t h e r e  was a l s o  an  
i n c r e a s e d  a c i d  p h o s p h a ta s e  a c t i v i t y  i n  t h e  s u p e r n a t a n t  
f r a c t i o n ,  t h i s  m ost p r o b a b ly  r e s u l t e d  from  ly sosom e b r e a k ­
down, w hich  may be  e i t h e r  i n  v iv o  o r  i n  v i t r o .
The d i s t r i b u t i o n  p a t t e r n s  f o r  th e  m ic ro so m al and  
m i t o c h o n d r i a l  m ark e r  enzymes a r e  v e r y  s i m i l a r  to  t h o s e  
o b t a i n e d  w i th  n o rm a l l i v e r ,  b u t  u r i c a s e  i s  more w id e ly  
s p r e a d  a c r o s s  t h e  g r a d i e n t  th a n  i n  n o rm al l i v e r .  The 
changes  i n  th e  a c i d  RNase and a c i d  p h o s p h a ta s e  d i s t r i b u t i o n  
p a t t e r n s  were fo u n d  to  be f u l l y  r e p e a t a b l e ,  and i n  T a b le  
t h e  r e s u l t s  o f  s e v e r a l  e x p e r im e n ts  have  b e en  a v e r a g e d ,
6 F u r t h e r  P u r i f i c a t i o n  o f  Lysosomes and T r i to s o m e s  by
I s o n v c n ic  G r a d ie n t  C e n t r i f u g a t i o n
The p u r i f i c a t i o n  o f  n o rm al ly so so m es  w hich  can  be  
a c h ie v e d  by  r a t e  s e d im e n ta t io n  z o n a l  c e n t r i f u g a t i o n  i s  
l i m i t e d ,  t h e  ly s o s o m a l  r e g i o n  s t i l l  b e in g  c o n s i d e r a b l y  
c o n ta m in a te d  b y  m i to c h o n d r ia  and m icrosom es* In  an  
a t t e m p t  to  im prove  t h e  p u r i f i c a t i o n ,  m a t e r i a l  p o o le d  
from  th e  ly sosom e and p e r o x i s o m e - r i c h  f r a c t i o n s  c o l l e c t e d  
from  z o n a l  c e n t r i f u g a t i o n  was f u r t h e r  s e p a r a t e d  b y  i s o -  
p y c n ic  b a n d in g .  A f t e r  d i l u t i o n  o f  t h e  p o o le d  f r a c t i o n s  
when f r a c t i o n s  from  t h e  d e n s e r  p a r t  o f  t h e  g r a d i e n t  w ere  
t a k e n ,  t h e  p a r t i c l e s  w ere  c o l l e c t e d  b y  c e n t r i f u g a t i o n .
The p e l l e t s  w ere  re s u s p e n d e d  i n  b u f f e r e d  0 .2 5  M s u c r o s e ,
l a y e r e d  o n to  s h o r t  l i n e a r  s u c r o s e  g r a d i e n t s  o f  a b o u t
l 8  ml t o t a l  volume and c e n t r i f u g e d  i n  a 3 x  20 ml s w in g -o u t
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r o t o r  a t  3 0 ,0 0 0  r . p . m .  f o r  2 h r ,  when p a r t i c l e s  o f  l y s o ­
som al s i z e  and l a r g e r  would have  se d im e n te d  to  t h e i r  
i s o p y c n ic  p o s i t i o n s .
S in c e  a h e te ro g e n e o u s  d i s t r i b u t i o n  o f  a c i d  RNase- 
r i c h  and a c i d  p h o s p h a t a s e - r i c h  ly so so m es  had  b e e n  demon­
s t r a t e d  by  r a t e  z o n a l  c e n t r i f u g a t i o n ,  i t  itfas n e c e s s a r y  
to  d e te rm in e  w h e th e r  t h e  two a c t i v i t i e s  would band  a t  th e  
same d e n s i t y .  H ence, p o o le d  samples from  t h r e e  r e g i o n s  
o f  th e  z o n a l  g r a d i e n t  w ere  t a k e n  f o r  i s o p y c n ic  c e n t r i ­
f u g a t i o n  i n d i v i d u a l l y ,  n am ely , t h e  s lo w ly  s e d im e n t in g  
lysosom es, i n c l u d i n g  th o s e  r i c h  i n  a c i d  p h o s p h a t a s e ,  
t h e  l a r g e r  lysosom es, i n c l u d i n g  th o s e  r i c h  i n  a c i d  RNase, 
and th e  r e g i o n  o f  m i to c h o n d r ia  and a g g re g a te d  m a t e r i a l  
( r e g i o n s  1 -  3 o f  F ig u r e  ^ .7 & ) .  The c o r r e s p o n d in g  
r e g io n s  a f t e r  s e p a r a t i o n  o f  T r i t o n  W R -1 3 3 9 -tre a ted  
l i v e r  w ere a l s o  p a l l e t e d  and r e c e n t r i f u g e d  ( r e g i o n s  1 - 3  
o f  F ig u r e  ^ . 9 a ) .
F ig u r e  *+.7b i l l u s t r a t e s  th e  p a t t e r n s  o b t a i n e d  when 
th e  m a t e r i a l  s e d im e n te d  from  th e  p o o le d  r e g io n s  1 ,  2 and  
3 o f  t h e  ru n  i l l u s t r a t e d  i n  F ig u r e  *f.7& w ere s u b m i t t e d  to  
i s o p y c n ic  c e n t r i f u g a t i o n .  I n  r e - r u n s  o f  r e g i o n s  1 and 2 , 
th e  a c t i v i t y  o f  t h e  two ly so so m a l  enzymes peals  a t  a  
d e n s i t y  o f  1 .2 0 5  -  1 .2 2 .  I t  i s  s i g n i f i c a n t ,  h o w e v e r ,  
t h a t  a c i d  p h o s p h a ta s e  a c t i v i t y  i s  i n  a  w id e r  band  w h ich  
e x te n d s  f u r t h e r  to  t h e  l i g h t e r  end o f  t h e  g r a d i e n t  t h a n  
th e  band  o f  a c i d  RNase. I n  r e g i o n  3 r e - r u n ,  t h e  two
a c t i v i t i e s  have  b e e n  res_o.ly_ed_^__theacid. RNase h a v in g  a  ---------------
peak  a t  d e n s i t y  a b o u t  1 .2 2 ,  and a c i d  p h o s p h a ta s e  a t  a b o u t  
1 * 2 1 .
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Legend  t o  T able  k ♦h
D i s t r i b u t i o n  o f  m a t e r i a l  a c r o s s  th e  z o n a l  g r a d i e n t  
a f t e r  th e  f r a c t i o n a t i o n  o f  th e  m i t o c h o n d r i a l / l y s o s o m a l  
f r a c t i o n  from  th e  l i v e r  o f  T r i t o n  M R -1 3 3 9 - tre a te d  r a t s .  
The r e s u l t s  from  a number o f  e x p e r im e n ts  have  b e en  
a v e ra g e d .  The f r a c t i o n s  were g ro uped  a c c o rd in g  to  
p a r t i c l e  s e d im e n ta t io n  c o e f f i c i e n t  -  th e  l e f t  column 
g iv e s  th e  num bers o f  th e  f r a c t i o n s  g roup ed  i n t o  e a c h  
r e g i o n  i n  th e  ru n  shown i n  F ig u re  l;-.9.
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D is t r ib u t io n  o f  p r o t e in  and enzymes a c r o s s  sm all  
tube i s o p y c n ic  d e n s i t y  g r a d ie n t s .  The th r ee  r e g io n s  
sep ara ted  i n .a n  HS zo n a l run, such as th a t  i l l u s t r a t e d  
in  F igure  Li-.7b, corresp ond ing  to  the 1 l i g h t 1 ly so so m a l  
r e g io n ,  the ^ e a v y 1 ly so so m a l r e g io n  and the r e g io n  o f  th e  
m itochondria  and a g g rega ted  m a te r ia l  r e s p e c t i v e l y ,  were 
subm itted  to  i s o p y c n ic  d e n s i t y  g r a d ie n t  c e n t r i f u g a t io n  
i n  sm all tu b e s .  Only one s e t  o f  sm a ll- tu b e  g r a d ie n ts  
was run w ith  m a te r ia l  from each zonal run. For the  
purpose o f  av erag in g  the r e s u l t s  o b ta in e d ,  the g r a d ie n ts  
were d iv id e d  i n t o  fo u r  d e n s i t y  r a n g e s .  The average  
percen tage  o f  the t o t a l  a c t i v i t y  r ec o v er ed  from each  
g r a d ie n t ,  found in  each d e n s i t y  range, i s  ta b u la te d .
F ig u res  in  b r a c k e ts  are the  enzyme p u r i f i c a t i o n  o b ta in ed  
over the sample load ed  onto the g r a d ie n t  and i s  based  on 
the p r o t e in  c o n te n t .
Table *f.6
As fo r  Table Lf-.5j but u s in g  m a te r ia l  from T r ito n  
M R -1339-treated r a t s  as in  F ig u re s  L.-.9a and b .
* * U r ica se  a c t i v i t y  was v e r y  low  i n  the  t h ir d  r e g io n  
o f  the HS runs; hence averaged p ercen ta g e  r e c o v e r y
f i g u r e s  fo r  each  d e n s i t y  range in  the  r e -r u n  of  r e g io n  3__
were n o t  v e r y  accu ra te  or o f  g r e a t  s i g n i f i c a n c e  and have  
been o m itted .
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Table 4*6
B ecause  i s o p y c n ic  b a n d in g  was c a r r i e d  o u t  i n  tu b e s  
e ac h  o n ly  20 ml i n  c a p a c i t y ,  i t  was n o t  p o s s i b l e  t o  t a k e  
more th a n  10 o r  12 f r a c t i o n s  from  eac h  g r a d i e n t  and s t i l l  
have  s u f f i c i e n t  m a t e r i a l  f o r  enzyme and p r o t e i n  a s s a y s .
I f  more f r a c t i o n s  c o u ld  have  b een  c o l l e c t e d  t h e  p eak s  o f  
a c i d  RNase and a c i d  p h o s p h a ta s e  a c t i v i t y  i n  F ig u r e  4 .7 b  
m ig h t  h av e  b e en  more c l e a r l y  r e s o l v e d .  However, i t  i s  
c l e a r  from  t h e  enzyme d i s t r i b u t i o n  p a t t e r n s  t h a t  t h e  mean 
i s o p y c n ic  d e n s i t y  o f  t h e  a c i d  p h o s p h a t a s e - r i c h  ly so so m es  
i s  lo w e r  th a n  t h a t  o f  t h e  a c i d  R N a s e - r ic h  ly so so m e s .
I n  r e v r u n  t h r e e ,  t h e  m ain p r o t e i n  p e a k ,  w hich  i s  m o s t ly  
due to  m i to c h o n d r i a ,  i s  a t  a d e n s i t y  o f  1 .2 0  -  1 .2 2 ,  
i n d i c a t i n g  t h a t  th e  m i to c h o n d r ia  h av e  b e en  damaged a t  
some p o i n t  i n  t h e  e x p e r im e n t .  The p e ro x is o m e s ,  w hich
w ere p r e s e n t  o n ly  i n  r e - r u n s  o f  r e g io n s  1 and 2 , b an ded  a t  
a d e n s i t y  o f  1 .2 2  -  1 .2 4 ,  as e x p e c te d  from  d a ta  g iv e n  i n  
t h e  l i t e r a t u r e .  (Che d e n s i t y  o f  undamaged m i to c h o n d r ia  i s  1.18} 
The r e s u l t s  from  a  number o f  s i m i l a r  e x p e r im e n ts  t o  
t h a t  shown i n  F ig u re  4 .7 b  have  b e en  a v e ra g e d  and a r e  
t a b u l a t e d  i n  T ab le  4 . 5 .  As can  be  s e e n ,  some a c i d  
p h o s p h a ta s e  and a c i d  RNase a c t i v i t y  i s  fo u n d  i n  t h e  
s o l u b l e  r e g i o n s ,  most, p r o b a b ly  a s  a r e s u l t  o f  ly so so m e  
b re a k a g e  d u r in g  t h e  r e s u s p e n s io n  o f  t h e  p e l l e t e d  l y s o ­
som es. I t  i s  s i g n i f i c a n t  (T a b le  4 . 5 )  t h a t  i n  r e - r u n  1 
t h e r e  i s  r e p e a t e d l y  more s o l u b l e  a c i d  p h o s p h a ta s e  t h a n  
a c id  RNase, w hereas  i n  r e - r u n  2 t h e  p e r c e n ta g e  o f  s o l u b l e
a c t i v i t y i s a b o u t  t h e  same f o r  t h e  two enzym es, and  i n -------------
r e - r u n  3 t h e r e  i s  s l i g h t l y  more s o l u b l e  a c i d  RNase a c t i v i t y .
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F ig u r e  4 .9 b  i l l u s t r a t e s  t h e  p a t t e r n s  o b t a i n e d  on 
i s o p y c n ic  b a n d in g  o f  p o o le d  f r a c t i o n s  ( r e g io n s  1 - 3 ) from  
t h e  s e p a r a t i o n  o f  T r i t o n - t r e a t e d  m i t o c h o n d r i a l / l y s o s o m a l  
f r a c t i o n  shown i n  F ig u r e  4 . 9 a .  I n  T ab le  4 .6  t h e  r e s u l t s  
from  t h i s  and a s i m i l a r  e x p e r im e n t  have  b e en  a v e r a g e d .
The enzyme and p r o t e i n  d i s t r i b u t i o n  p a t t e r n s  a r e  m a rk e d ly  
d i f f e r e n t  from  th o s e  u s i n g  u n t r e a t e d  m a t e r i a l .  The b u l k  
o f  th e  a c t i v i t i e s  o f  t h e  two ly s o s o m a l  enzymes a r e  
c o n c e n t r a t e d  a t  t h e  l i g h t  end o f  t h e  g r a d i e n t s .  The 
i s o p y c n ic  d e n s i t y  o f  t r i t o s o m e s  i s  a b o u t  1 .1 2  (L e ig h to n  
e t  a l . . 1968) ,  h e n ce  t h i s  a c t i v i t y  r e p r e s e n t s  b o th  t h e  
t r i t o s o m e s  and s o l u b l e  m a t e r i a l  r e l e a s e d  from  r u p t u r e d  
t r i t o s o m e s .  U n l ik e  t h e  e x p e r im e n t  w i th  u n t r e a t e d  t i s s u e ,  
t h e  r e g i o n  1 r e - r u n  h a s  a  h i g h e r  p e r c e n t a g e  o f  s o l u b l e  and  
low d e n s i t y ’t r i t o s o m e 1 a c i d  RNase a c t i v i t y  ( a b o u t  72$) 
th a n  f o r  a c i d  p h o s p h a ta s e  (44$)5 i n  t h e  s e c o n d ,  t h e  
p e r c e n ta g e  o f  a c i d  RNase i n  t h e  low d e n s i t y  r e g i o n  f a l l s  
to  52$ ,  and i n  t h e  t h i r d ,  30$ ( a c i d  p h o s p h a ta s e  38k and 
36$ r e s p e c t i v e l y ) .  I n  r e - r u n  o n e ,  t h e r e  i s  a s p r e a d  
o f  a c i d  p h o s p h a ta s e  a c t i v i t y  from  t h e  low  d e n s i t y  r e g i o n  
i n t o  t h e  g r a d i e n t .  T h is  i s  more p ro n o u n ced  i n  t h e  
seco n d  and t h i r d  r e - r u n s ,  and i n  t h e  t h i r d  r e - r u r iy  
t h e r e  I s  a d e f i n i t e  p e a k  o f  a c t i v i t y  a t  a b o u t  d e n s i t y  1 . 2 ,  
w hich  p r o b a b ly  r e p r e s e n t s  u n a l t e r e d  ly so so m e s .  T h e re  i s  
o n ly  a s m a l l  s p r e a d  o f  a c i d  RNase i n  r e - r u n  o n e ,  t h e r e  
b e in g  v e r y  l i t t l e  a c t i v i t y  above d e n s i t y  1 .18$ t h e  s p r e a d
i s  g r e a t e r  i n  t w o - a n d - t h e r e ^ i s - a g a in - - a —peak --a t- -ab ou t —
d e n s i t y  1 .2  i n  r e - r u n  t h r e e .  From t h e s e  r e s u l t s  i t  i s
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a p p a r e n t  t h a t  b o th  a c i d  R N a s e - r ic h  ly soso m es  and a c i d  
p h o s p h a t a s e - r i c h  ly so so m es  a r e  changed  by  t r e a t m e n t  w i th  
T r i t o n  NR-1339? b u t ,  a s  t h e  HS z o n a l  ru n s  have  i n d i c a t e d ,  
t h i s  change  i s  g r e a t e r  i n  t h e  a c i d  R N a s e - r ic h  ly so so m e s .
The d i s t r i b u t i o n  o f  p r o t e i n  i n  t h e  low  d e n s i t y  
r e g i o n  o f  t h e  g r a d i e n t  f o l lo w s  th e  change i n  d e n s i t y  o f  
th e  ly so so m e s ,  A p r o t e i n  p eak  a t  d e n s i t y  1 .2 0  -  1 ,2 2  
c o r re s p o n d s  to  t h e  m i to c h o n d r ia  p r e s e n t  i n  r e - r u n s  two 
and t h r e e .  I t  i s  i n t e r e s t i n g  t h a t  u r i c a s e  now h a s  two 
p eaks  o f  a c t i v i t y  i n  r e g io n s  1 -3  r e - r u n s .  I t  was c o n c e iv ­
a b le  t h a t  t h e  s lo w e r  s e d im e n t in g  p e a k  o f  u r i c a s e  a c t i v i t y  
m igh t r e p r e s e n t  p e ro x iso m e  c o re s  r e l e a s e d  from  damaged 
p e ro x is o m e s ,  w hich  h av e  n o t  r e a c h e d  t h e i r  i s o p y c n ic  
d e n s i t y ,  When t h i s  e x p e r im e n t  was r e p e a t e d  a  l o n g e r  
c e n t r i f u g a t i o n  t im e  o f  h h r  was u s e d  and o n ly  one p e a k  
o f  u r i c a s e  a c t i v i t y  was found , p e a k in g  a t  d e n s i t y  1.2^-.
7 The I n t r a c e l l u l a r  P i s t r i b u t i o n  o f  A l k a l i n e  M a s e  and 
P h o s p h o d ie s t  e r a s  e
"When r a t  l i v e r  hom ogenate  was f r a c t i o n a t e d  i n  an  A X II  
r o t o r  ( F ig u r e  *+.1), a  l a r g e  p a r t  o f  t h e  a l k a l i n e  RNase 
a c t i v i t y  was found  i n  th e  s o l u b l e  r e g i o n .  When pCMB 
was i n c lu d e d  i n  t h e  a s s a y  medium to  d e s t r o y  t h e  endogenous 
RNase i n h i b i t o r ,  a b o u t  J0% o f  t h e  t o t a l  a c t i v i t y  c o u ld  be  
a s s i g n e d  to  th e  s o l u b l e  r e g i o n .  The re m a in in g  30% o f  
t h e  RNase a c t i v i t y  was s p r e a d  d i f f u s e l y  a c r o s s  t h e  g r a d i e n t ,  
and th e  r e s o l u t i o n  o f  th e  v a r i o u s  s u b c e l l u l a r  com ponents  
was n o t  s u f f i c i e n t l y  good to  a l l o w  one to  d e te r m in e  w h ich  
o r g a n e l l e s  c o n t r i b u t e d  what p e r c e n t a g e  o f  t h e  a c t i v i t y .
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An im proved r e s o l u t i o n  was o b t a i n e d  u s in g  t h e  IiS 
r o t o r  and rem oving  n u c l e i  and a g g re g a te d  m a t e r i a l  by  a 
p r e l i m i n a r y  low  sp e e d  s p i n .  F ig u r e  ^ .3  shows th e  
d i s t r i b u t i o n  o f  t h e  a l k a l i n e  RNase a f t e r  such  a s e p a r a t i o n .  
A lk a l in e  RNase a c t i v i t y  was a g a in  s p r e a d  a c r o s s  t h e  
g r a d i e n t .  The a c t i v i t y  i n  th e  s o l u b l e  r e g io n  i s  lo w e r  
b e c a u s e  pCMB was o m i t t e d  from  t h e  a s s a y  medium. The 
peaks  o f  a c t i v i t y  a t  t h e  ex trem e l i g h t  and d en se  ends o f  
t h e  g r a d i e n t  a r e  p re su m a b ly  due r e s p e c t i v e l y  to  m ic ro so m a l 
m a t e r i a l  and e i t h e r  m i to c h o n d r ia  o r  a g g re g a te d  m a t e r i a l .  
However, co m parison  w i th  th e  d i s t r i b u t i o n s  o f  g l u c o s e - 6 -  
p h o s p h a ta s e  and RITA, w hich  a r e  p re d o m in a n t ly  a s s o c i a t e d  
w i th  m ic ro so m es , and s u c c i n i c  d e h y d ro g e n a s e ,  t h e  m i t o ­
c h o n d r i a l  m a rk e r ,  i n d i c a t e s  t h a t  t h e  ly sosom es w hich  
occupy  th e  c e n t r a l  p a r t  o f  th e  g r a d i e n t  o r  p a r t i c l e s  w i th  
l y s o s o m e - l ik e  p r o p e r t i e s  p o s s e s s  c o n s i d e r a b l e  a l k a l i n e  
RNase a c t i v i t y .  The d i s t r i b u t i o n  o f  a l k a l i n e  RNase 
a s s a y e d  i n  th e  p r e s e n c e  o f  pCMB d i f f e r s  o n ly  i n  t h e  
amount o f  a c t i v i t y  i n  t h e  sam ple  r e g i o n  ( F ig u r e  b * 5 ) .  
E x p e r im e n ts  i n  w hich  a r e s u s p e n d e d  m i t o c h o n d r i a l / l y s o s o m a l  
f r a c t i o n  was lo a d e d  o n to  t h e  r o t o r  ( F ig u r e  *+.6) a l s o  show 
c o n s i d e r a b l e  a c t i v i t y  i n  t h e  ly s o s o m a l  r e g i o n  o f  t h e  
g r a d i e n t .
The p o s s i b i l i t y  had  to  be  c o n s id e r e d  t h a t  t h e  
a l k a l i n e  RNase a c t i v i t y  i n  t h e  ly so so m es  c o u ld  i n  f a c t  
be  due t o  r e s i d u a l  a c i d  RNase a c t i v i t y .  A c c o r d in g ly ,  
pH c u rv e s  w ere d e te rm in e d  f o r  p o o le d  f r a c t i o n s  f rom  t h e
ru n  i l l u s t r a t e d  i n  F ig u re  *+.7&. F r a c t i o n s  were p o o le d  
o v e r  f o u r  r e g io n s  c o r r e s p o n d in g  t o  th e  s o lu b le /m ic r o s o m a l  
r e g i o n ,  t h e  ’l i g h t  l y s o s o m a l ’ r e g i o n ,  t h e  ’h e a v y  l y s o s o m a l ’ 
r e g i o n  and th e  r e g i o n  o f  t h e  m i to c h o n d r ia  and a g g re g a te d  
m a t e r i a l .  The r e s u l t s  a r e  shown i n  F ig u r e  *+.10. I n  
e ach  r e g i o n ,  th e  RNase a c t i v i t y  showed two d i s t i n c t  pH 
o p t im a i t h e  a l k a l i n e  optimum b e in g  a t  a b o u t  pH 8 .0  and 
t h e  a c i d  be tw een  pH 5 .6  and 6 . 0 .  The a p p a r e n t  o p t im a  i n  
each  p l o t  i s  p r o b a b ly  in f lu e n c e d  by  t h e  r e l a t i v e  p r o p o r t i o n s  
o f  a c i d  to  a l k a l i n e  a c t i v i t y .  The r e s u l t s  s u g g e s t  t h a t  
t h e  a l k a l i n e  and a c i d  RNase a c t i v i t i e s  i n  t h e  ly s o s o m a l  
r e g i o n  a r e  due to  two s e p a r a t e  enzym es.
A l k a l i n e  RNase sho\\red v e r y  l i t t l e  l a t e n c y  when a 
c ru d e  m i t o c h o n d r i a l / l y s o s o m a l  f r a c t i o n  was s u b j e c t e d  to  
f r e e z e - t h a w i n g .  The l i m i t e d  i n c r e a s e  i n  a c t i v i t y  a t  pH 
7 .8  was p r o b a b ly  due to  th e  r e s i d u a l  a c t i v i t y  o f  a c i d  
RNase a t  an a l k a l i n e  pH, f o r  a c i d  RNase i s  c o n s i d e r a b l y  
more a c t i v a t e d  by  f r e e z e - t h a w i n g  ( s e e  F ig u r e  *+.11, a l s o  
t h e  r e s u l t s  o f  R e id  and Nodes, 1959)* I f  a l k a l i n e .  RNase 
i s  i n  f a c t  a ly s o s o m a l  enzyme, i t  i s  p o s s i b l y  l o c a t e d  on 
th e  o u t e r  s u r f a c e  o f  t h e  ly so so m a l  membrane and h e n c e  does 
n o t  show l a t e n c y  co m p arab le  to  o t h e r  ly so so m a l  enzym es.
The p r e s e n c e  o f  an  enzyme a s s o c i a t e d  w i th  t h e  l y s o ­
somes and h a v in g  an a l k a l i n e  pH optimum was r a t h e r  s u r ­
p r i s i n g ,  s i n c e  m ost o f  th e  enzymes p r e v i o u s l y  r e p o r t e d  
to  be  ly so so m a l  w ere  a c i d  h y d r o l a s e s .  Only a  few  
h y d r o l a s e s ,  e . g . ,  n a p h th y la m id a s e  and d i p e p t i d a s e ,  h av e  
been  r e p o r t e d  w i th  pH op tim a  n e a r  n e u t r a l i t y  o r  a t  s l i g h t l y
-  23*+
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RNase p H - a c t iv i ty  c u rv e s  f o r  pooled  f r a c t i o n s  from th e  ru n  i l l u s t r a t e d  in  
F ig u re  4*7 a.
-  £3  S'-
a l k a l i n e  pH v a lu e s  and  t h e s e  enzymes s t i l l  show c o n s i d e r ­
a b le  a c t i v i t y  a t  a c i d  pH v a l u e s .
U n t i l  t h i s  p o i n t  i n  t h e  s t u d y  f o r  c o n v e n ie n c e ,  'when 
s c a n n in g  a z o n a l  g r a d i e n t ,  a c i d  and a l k a l i n e  RNase had  
a lw ays been  a s s a y e d  i n  p a r a l l e l  and t h e  sam ple  u s e d  f o r  
b o t h  enzymes was f r e e z e - t h a w e d .  I n  F ig u re  *-{-.11 a l k a l i n e  
RNase was a s s a y e d  a c r o s s  t h e  g r a d i e n t  i n  t h e  p r e s e n c e  and 
a b se n c e  o f  pCMB w i th o u t  h a v in g  f r e e z e - th a w e d  t h e  f r a c t i o n s .  
The a s s a y  was a l s o  p e rfo rm e d  i n  t h e  p r e s e n c e  and a b se n c e  
o f  e i t h e r  2 .5  mM EDTA o r  2 .5  mM MgClg.-
I n  t h e  a b se n c e  o f  pCMB, t h e  d i s t r i b u t i o n  o f  a l k a l i n e
RNase i n  th e  ly so so m a l  r e g io n  i s  v e r y  s i m i l a r  t o  t h a t  o f
ly so so m a l  a c i d  p h o s p h a ta s e .  T here  i s  v e r y  l i t t l e  a c t i v i t y  
a t  t h e  l i g h t  end o f  t h e  g r a d i e n t  i n  t h e  s o l u b l e  and  m ic r o ­
som al r e g i o n ,  b u t  t h e r e  i s  a c o n s i d e r a b l e  p eak  o f  a c t i v i t y  
a t  t h e  d e n se  end o f  t h e  g r a d i e n t  c l o s e l y  p a r a l l e l i n g
th e  p eak s  o f  AMPase and s u c c i n i c  d e h y d ro g e n a s e .
The a l k a l i n e  RNase a c t i v i t y  i n  t h e  ly so so m a l  r e g i o n  was 
more a c t i v e  i n  t h e  p r e s e n c e  o f  EDTA th a n  i n  t h e  p r e s e n c e  
o f  Mg th e  r e v e r s e  was t r u e  o f  t h e  a c t i v i t y  fo u n d  a t  
t h e  d e n se  end o f  t h e  g r a d i e n t .
A f t e r  f r e e z e - t h a w i n g ,  a l k a l i n e  RNase a s s a y e d  i n  
t h e  p r e s e n c e  o f  EDTA showed an  a d d i t i o n a l  peak  i n  t h e  
m ic ro so m a l r e g io n  ( tu b e s  6 - 1 0 ) ,  b u t  v e r y  l i t t l e  a c t i v i t y  
i n  t h e  s o l u b l e  r e g i o n  ( b e f o r e  tu b e  6 ) .  T here  was a 
s l i g h t  i n c r e a s e  i n  th e  a c t i v i t y  o f  t h e  ly s o s o m a l  r e g i o n  
(a b o u t  1 5 /0 ,  w hich  c o u ld  p r o b a b ly  b e  a t t r i b u t e d  t o  t h e  
r el e a s e  o f  ac id . 'R N ase , and  l i t t l e  change  i n  t h e  a c t i v i t y
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i n  th e  p e ak  a t  th e  denso end o f - t h e  g r a d i e n t .  A f u r t h e r  
a s s a y - i n  th e  p r e s e n c e  o f  b o th  pCMB and BDTA a f t e r  f r e e z e -  
thaw ing  showed a v i r t u a l l y  i d e n t i c a l  d i s t r i b u t i o n ,  e x c e p t  
t h a t  th e  a c t i v i t y  i n  th e  s o l u b l e  r e g i o n  was 
i n c r e a s e d  b y  th e  rem ova l o f  th e  a l k a l i n e  RNase i n h i b i t o r .
As f o r  a l k a l i n e  RNase, t h e r e  have  b e e n  c o n f l i c t i n g  
r e p o r t s  i n  th e  l i t e r a t u r e  c o n c e rn in g  th e  c e l l u l a r  
l o c a t i o n  o f  a l k a l i n e  p h o s p h o d i e s t e r a s e s .  In  th e  
e x p e r im e n t  shown i n  F ig u re  *+.11, th e  g r a d i e n t  was scan n ed  
f o r  p h o s p h o d ie s t e r a s e  a c t i v i t y  i n  th e  p r e s e n c e  and a b sen c e  
o f  2 . 5  niM EDTA and 2 .5  niM Mg’1"1-. The f r a c t i o n s  were n o t  
f r e e z e - t h a w e d .  A c t i v i t y  i n  th e  p r e s e n c e  o f  EDTA was
4-+n e g l i g i b l e ,  b u t  i n  th e  p r e s e n c e  o f  Mg t h e r e  was a 
b im o d a l  d i s t r i b u t i o n  co m parab le  t o  t h a t  o f  a l k a l i n e  
RNase a s s a y e d  i n  th e  p r e s e n c e  o f  EDTA a f t e r  f r e e z e -  
th a w in g ,  However, th e  p e r c e n ta g e  o f  a c t i v i t y  i n  th e  
ly s o s o m a l  r e g i o n  was lo w e r .  T ab le  *+.7 t a b u l a t e s  th e  
d i s t r i b u t i o n  o f  a c id  and a l k a l i n e  RNase and p h osph od ­
i e s t e r a s e  a c t i v i t i e s  a c r o s s  t h e  r im  shown i n  F ig u r e  *+.7 
and shows th e  e f f e c t  o f  f r e e z i n g  and th aw in g  and o f  t h e  
a d d i t i o n  o f  pCMB, EDTA and Mg++ on th e  a c t i v i t i e s  i n  
th e  v a r i o u s  r e g i o n s .
The m ic ro som al f r a c t i o n  c o n ta in s  f r a g m e n ts  b o t h  o f  
e n d o p la sm ic  r e t i c u l u m  and o f  o t h e r  membranous s t r u c t u r e s ,  
n o t a b l y  th e  p la sm a  membrane. When th e  a c t i v i t y  i n  th e  
ly so so m es  was d i s r e g a r d e d ,  i t  was n o t e d  t h a t  th e  
d i s t r i b u t i o n  o f  a l k a l i n e  RNase b o re  much more r e s e m b la n c e  
t o  t h a t  o f  th e  p lasm a  membrane m arker  AMPase t h a n  t o  th e
-  237 ~
P a t t e r n  o b ta in e d  when a r e s u s p e n d e d  c ru d e  m i t o c h o n d r i a l /  
ly so so m a l  f r a c t i o n  from  n o rm a l  l i v e r  was f r a c t i o n a t e d  b y  
c e n t r i f u g a t i o n  i n  an HS z o n a l  r o t o r  f o r  m in u te s  a t  
9 ,0 0 0  r . p . m .  u s in g  th e  s t a n d a r d  g r a d i e n t .
b . l l a  shows th e  d i s t r i b u t i o n  p a t t e r n s  o f  s t a n d a r d  
m arker enzymes and a number o f  ly s o s o m a l  enzym es. The 
p - n i t r o p h e n o l - r e l e a s i n g  enzymes have  n o t  b e en  c o r r e c t e d  
f o r  s u c ro s e  i n h i b i t i o n .
k . l l b  shows a l k a l i n e  RNase and a l k a l i n e  p h osp hod ­
i e s t e r a s e  a s s a y e d  i n  th e  p r e s e n c e  and a b sen ce  o f  pCMB,
2 .5  mM .Mg'r"r 5 ' o r  2 .5  mM EDTA, b e f o r e  and a f t e r  f r e e z e -  
th aw ing  ( s u b s t r a t e  b i s - p - n . p . p h o s p h a t e ) ,
FIGURE 4. 11a
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The . d i s t r i b u t i o n  o f  a c i d  and a l k a l i n e  RNase and 
p h o s p h o d ie s t e r a s e  a c t i v i t i e s  a c r o s s  th e  g r a d i e n t  o f  th e  
f r a c t i o n a t i o n  o f  a m i to c h o n d r i a l / l y s o s o m a l  f r a c t i o n  i n  
a HS z o n a l  r o t o r .  These r e s u l t s  a re  d e r i v e d  from  th e  
same e x p e r im e n ts  as  t h a t  i l l u s t r a t e d  i n  F ig u re  li - . l l .  
Enzymes were a s s a y e d  i n  th e  p r e s e n c e  and a b sen ce  o f  Mg*1”*** 
EDTA and pCMB, and were a l s o  a s s a y e d  b e f o r e  and a f t e r  
f r e e z e - t h a w i n g . I n d i v i d u a l  f r a c t i o n s  were a s s a y e d  and
th e  a c t i v i t i e s  added t o g e t h e r  a c r o s s  th e  f i v e  m ajo r 
r e g i o n s .  R eg io n  1 i s  th e  s o lu b le /m ic r o s o m a l  r e g i o n ,  
r e g i o n s  2 - b  a r e  ly so so m a l  and 5 i s  th e  r e g i o n  o f  th e  
m i to c h o n d r ia  and a g g re g a te d  m a t e r i a l .
A c t i v i t i e s  ( e x c e p t  RNase) a re  q u o te d  a s  /^M oles/m in / 
tu b e  to  i l l u s t r a t e  any a c t i v a t i o n ,  i n h i b i t i o n ,  o r  r e l e a s e  
o f  l a t e n t  a c t i v i t y .  The p e r c e n ta g e  o f  th e  t o t a l  a c t i v i t y  
r e c o v e r e d  from  th e  g r a d i e n t  fo u n d  i n  e a c h  r e g i o n  i s  a l s o  
g iv e n .  The d i s t r i b u t i o n s  o f  th e  m arker  enzymes -  AMPase, 
Cr6Pase and a c id  Pase  -  a re  a l s o  t a b u l a t e d .
F / f  = f r e e z e - th a w e d
MgCl2 and EDTA c o n c e n t r a t i o n  was 2 .5  mM i n  th e  
a s s a y  i n c u b a t i o n  m ix tu r e .
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Aik. ENase
Mg++
Aik. RNase 
EDTA
Aik. RNase 
EDTA 
PCMB •
Aik. RNase 
EDTA, F/T
Aik. RNase 
EDTA, pCMB,
f/ t
AOTY fo AOTY, % AOTY0 /O ACTY $ AOTY, %
Tubes 1-9 2.1 1 9 . 1 2.2 16.4 6 . 7 -29.8 4.1 22.9 6 .2 29.4
Tubes 10-15 1.9 17.2 2 .7 20.2 5 .0 22.0 4 .6 25.5 4 .5 21.3
Tubes 16-19 1.2 10,9 2 .0 15.0, 2.8 12.3 2 .4 13.2 2.5 11.9
Tubes 20-25 1.6 15.0 2.9 2 1 . 5 4.1 18.2 3.7 20.4 5 .8 18.2
Tubes 2 6 - 5 0 4 .2 38.0 3.6 2 7 . 0 4 .0 17.7 2 18.0 4 .0 19.2
A ik.
PdEase
Mg++
A cid
PdEase
EDTA
f/ t
Acid ENase 
Mg++
Acid RNase 
Ivlg++, F/T
Acid
P ase
f/ t
AHPase G6Pase
* / ° AOTY, i ACTY. c //a ' * erf / 0 /O
Tubes 1-9 2 6 . 5 13.1 0.5 1 1 . 1 1.7 10.0 9 .0 4 3 . 4 61
Tubes 10-15 2 2 . 4 17.7 0.1 3 . 4 3.1 ' 18.4 25.9 14.6 20.1
Tubes 16-19 9 . 5 10,5 0.3 6 . 3 ’3 .2 19.1 26.7 4 .8 4.1
Tubes 20-25 1 6 . 3 30.0 1.5 3 0 . 5 5 .2 ■31.-0 ■ 29.4 7 .9 4 .3
Tubes 26-30 .
inCM 20.7 2 .0 48.7 3.6 21.6 9,1 3 0 . 0 10.6
- 2 - f Z -
Legend to  F ig u r e  4 .1 2
The d i s t r i b u t i o n  o f  enzymes and p r d t o i n  o b t a in e d  
when a r e s u s p e n d e d  c ru de  n u c l e a r  p e l l e t ,  from  p e r f u s e d  
r a t  l i v e r ,  i s  c e n t r i f u g e d  f o r  1 h r  a t  4 ,0 0 0  r . p . m .  i n  
an A X II  z o n a l  r o t o r .  (See M a t e r i a l s  and Methods 
s e c t i o n  f o r  sam ple and g r a d i e n t  p r e p a r a t i o n , )
Legend t o  F ig u re  4 .1 8
F u r t h e r  enzyme sc a n s  on a r e p e a t  o f  th e  A X II  z o n a l  
f r a c t i o n a t i o n  shown i n  F ig u re  4 .1 2 .
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e n d o p la s m ic  r e t i c u l u m  m arker g ln c o s o - 6 -p h o s p h a ta s e *  
However, s i n c e  th e  p e ak s  o f  AMPase and g l u c o s e - 6 -  
p h o s p h a ta s e  a c t i v i t y  a t  th e  dense  end o f  th e  g r a d i e n t  
c o in c id e  w i th  t h a t  o f  th e  m i to c h o n d r ia  and a g g re g a te d  
m a t e r i a l ,  i t  was n o t  p o s s i b l e
t o  draw  any f u r t h e r  c o n c lu s io n s  w i th o u t  r e s o l v i n g  th e  
com ponents o f  th e  l a s t  p e a k .
I t  h a s  b e e n  shown by  o t h e r  w o rk e rs  i n  t h i s  l a b o r a t o r y  
( H in to n ,  P o b r o t a ,  F i tz s im o n s  and R e id ,  1970) t h a t ,  when a 
c ru de  n u c l e a r  f r a c t i o n  i s  f r a c t i o n a t e d  on an A X I I  z o n a l  
r o t o r ,  th e  p la sm a  membrane m arker AMPase i s  d i s t r i b u t e d  
t r i m o d a l l y .  A t y p i c a l  s e p a r a t i o n  i s  i l l u s t r a t e d  i n  
F ig u re  k .1 2 .  Sample and g r a d i e n t  p r e p a r a t i o n  h a v e  b e en  
d e s c r i b e d  i n  th e  M a t e r i a l s  end Methods s e c t i o n  ( a f t e r  
H in to n  e t  a l . . 1970)* The f i r s t  p e ak  o f  AMPase v e r y  
c l o s e l y  f o l lo w s  t h a t  o f  g lu c o s e - 6 - p h o s p h a t a s e ,  and 
r e p r e s e n t s  s m a l l  p lasm a  membrane v e s i c l e s  s e d im e n t in g  
w i th  th e  e n d o p la sm ic  r e t i c u l u m .  The seco n d  p e ak  o f  
AMPase a c t i v i t y  r e p r e s e n t s  f r e e  p lasm a  membrane s h e e t s ,  
w hich a re  v e r y  l i t t l e  c o n ta m in a te d  b y  o t h e r  m arker  
enzyme a c t i v i t i e s .  The t h i r d  p e ak  r e p r e s e n t s  whole 
c e l l s ,  n u c l e i  and a g g re g a te d  m a t e r i a l .  When t h i s  ru n  
was scan n ed  f o r  a l k a l i n e  RNase a c t i v i t y  ( F ig u r e  lf- .12), 
t h e r e  was a c o n s i d e r a b le  a c t i v i t y  i n  th e  r e g i o n  o f  th e  
f r e e  p lasm a  membrane s h e e t s ,  showing t h a t  t h i s  enzyme 
i s  p a r t l y  l o c a t e d  i n  th e  p lasm a  membrane f r a c t i o n .
In  t h i s  e x p e r im e n t ,  a c id  and a l k a l i n e  RNase wore 
a s s a y e d  i n  p a r a l l e l  a c c o rd in g  t o  th e  o r i g i n a l  p r o c e d u r e ,
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honco th e  a l k a l i n e  RNase was a s s a y e d  i n  f r o  o zo -  thaw ed 
f r a c t i o n s  i n  th e  p r e s e n c e  o f  pCMB. There i s  an i n i t i a l  
p e ak  c o r r e s p o n d in g  to  th e  s o lu b le /m ic r o s o m a l  m a t e r i a l  and 
a s p re a d  o f  a c t i v i t y  a c r o s s  th e  ly so so m a l  r e g i o n  m erg ing  
i n t o  th e  m i t o c h o n d r i a l  r e g i o n .  Comparing th e  AMPase 
and a l k a l i n e  RNase d i s t r i b u t i o n  p a t t e r n s ,  i t  seems t h a t  
b e tw een  one q u a r t e r  and a t h i r d  o f  th e  p a r t i c u l a t e  
a l k a l i n e  RNase a c t i v i t y  can  be a s s ig n e d  to  th e  p lasm a  
membrane f r a c t i o n .
I n  a f u r t h e r  e x p e r im e n t ,  shown i n  F ig u re  V .1 3 , 
a l k a l i n e  RNase was scan n ed  a c r o s s  th e  g r a d i e n t  i n  th e  
p re s e n c e  o f  2*5 aiM Mg’r’r o r  2 .5  niM EDTA. The sample 
f r a c t i o n s  were n o t  f r e e z e - th a w e d  b e f o r e  a s s a y .  W ith o u t  
f r e e z e - t h a w i n g , th e  a c t i v i t y  i n  th e  m ic ro so m al r e g i o n ,  
which c o n ta in s  p lasm a membrane v e s i c l e s ,  shown b y  th e  
f i r s t  AMPase p e a k ,  i s  v e r y  much r e d u c e d .  However, 
th e  a c t i v i t y  i n  th e  r e g i o n  o f  th e  p u r i f i e d  p lasm a 
membrane s h e e t s  c l o s e l y  f o l lo w s  t h a t  o f  AMPase. I t  
th u s  a p p e a rs  t h a t  e i t h e r  th e  p lasm a membrane v e s i c l e s  
m ust bo d i s r u p t e d  b e f o r e  th e  a l k a l i n e  RNase a c t i v i t y  i s  
e v i d e n t ,  o r  p lasm a  membrane RNase i s  i n h i b i t e d  b y  endo ­
genous i n h i b i t o r .  The a l k a l i n e  RNase a c t i v i t y  i n  th e  
r e g i o n s  o f  th e  f r e e  p lasm a  membrane s h e e t s  and th e  
a g g re g a te d  m a t e r i a l  i s  s l i g h t l y  a c t i v a t e d  b y  th e  a d d i t i o n  
o f  Mg'1”1' ( 2 . 5  mM). | N o r r i s ,  i n  t h i s  l a b o r a t o r y ,  u s in g
h i g h e r  l e v e l s  o f  SDTA and Mg1"' h a s  s u b s e q u e n t ly  shown 
t h a t  5 Mg a c t i v a t e s  a l k a l i n e  RNase a b o u t  5 0% o v e r  
5mM EDTA.1 The pH a c t i v i t y  c u rv e  o f  a l k a l i n e  RNase
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from  th o  r e g i o n  o f  t h e  p u r i f i e d  p lasm a  membrane s h o o ts  
showed an optimum n e a r e r  n e u t r a l i t y  th a n  was p r e v i o u s l y  
n o te d  i n  th e  ly s o s o m a l  r e g i o n  (F ig u r e  *+.l*+). There  i s  
a l s o  a c o n s i d e r a b le  a c id  a c t i v i t y .
I n  th e  A X II  r o t o r  r u n s  a l k a l i n e  RNase a c t i v i t y  was 
s p re a d  r i g h t  a c r o s s  th e  ly s o s o m a l  and m i t o c h o n d r i a l  
r e g i o n s  ( F ig u r e s  k .1 2  and V .1 3 ) .  T h is  i n d i c a t e s  t h a t  
some o f  t h i s  a c t i v i t y  i s  p r o b a b ly  a s s o c i a t e d  w i th  th e  
m i to c h o n d r ia .  T h is  m i t o c h o n d r i a l  a c t i v i t y  was masked 
i n  th e  HS r u n s ,  s in c e  i t  a p p e a r s  a t  t h e  end  o f  th o  
g r a d i e n t  t o g e t h e r  w i th  a number o f  o t h e r  c e l l  com ponen ts . 
The ru n  i l l u s t r a t e d  i n  F ig u re  k .1 3  shows t h a t  th o  
i n h i b i t i o n  b y  Mg++ i s  g r e a t e r  i n  th e  m i t o c h o n d r i a l  r e g i o n  
. th a n  i n  th e  ly so so m a l  r e g i o n .
The e x p e r im e n ts  show t h a t  th e  a l k a l i n e  RNase o f  th e  
ly so so m a l  and m i to c h o n d r i a l  r e g i o n s  a re  d i s t i n g u i s h e d  from  
t h a t  o f  th e  p lasm a  membrane enzyme i n  b e in g  i n h i b i t e d  
a b o u t  5 0 /  b y  th e  p re s e n c e  o f  2 .5  mM Mg’1""'", b u t  t h e r e  i s  
a c o n s i d e r a b l e  change i n  r e s p o n s e  a c r o s s  th e  two r e g i o n s  
s u g g e s t in g  t h a t  th o  a l k a l i n e  RNase o f  ly so so m es  and 
m i to c h o n d r ia  a re  d i s t i n c t  from  e a c h  o t h e r .  F u r th e r m o r e ,  
when s e l e c t e d  f r a c t i o n s  were a s s a y e d  f o r  a l k a l i n e  RNase 
a c t i v i t y  a g a i n s t  p o ly  A ( F ig u r e  *+.13) i n  th e  p r e s e n c e  o f  
2 mM EDTA o r  2 mM MgCl^ (M o ra is ,  B l a c k s t e i n  and de L am irand  
1967 ) i t  was fo u n d  t h a t  a c t i v i t y  was c o n c e n t r a t e d  i n  th e  
m i to c h o n d r ia  -  th e  ly so so m es  and th e  p lasm a  membrane 
s h e e t s  h a v in g  v e r y  l i t t l e  a c t i v i t y .
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Figure 4.14
Dn-activity curve of plasma membrane RNase
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Tho d i s t r i b u t i o n  o f  a l k a l i n e  p h o s p h o d i e s t e r a s e , 
a s s a y e d  i n  th e  p r e s e n c e  o f  2 .5  niM Mg++, c o r re s p o n d s  
a lm o s t  e x a c t l y  t o  t h a t  o f  AMPase , th e  plasma, membrane 
m arker enzyme. The a c t i v i t y  i s  v e r y  s t r o n g l y  i n h i b i t e d  
b y  2 .5  mM EDTA, u n l i k e  a l k a l i n e  KNa.se w hich  was o n ly  
s l i g h t l y  i n h i b i t e d .  As w i th  a l k a l i n e  RNa.se, no  f r e e z e -  
thaw ing  was r e q u i r e d  to  r e v e a l  th e  p h o s p h o d i e s t e r a s e  
a c t i v i t y .
In  th e  l i g h t  o f  t h e s e  r e s u l t s  showing th e  p r o b a b le  
l o c a t i o n  o f  some o f  th e  p a r t i c u l a t e  a l k a l i n e  RNase i n  
th e  p lasm a  membrane, i t  was p o s s i b l e  t o  r e c o n s i d e r  th e  
r e s u l t s  o b t a in e d  e a r l i e r  c o n c e rn in g  th e  d i s t r i b u t i o n  o f  
a l k a l i n e  RNase, when r e g i o n s  p o o le d  a f t e r  f r a c t i o n a t i o n  
o f  a r e s u s p e n d e d  m i t o c h o n d r i a l / l y s o s o m a l  f r a c t i o n ,  on an 
HS z o n a l  r o t o r  ( s e e  F ig u re  N .7 a ) ,  wore f u r t h e r  f r a c t i o h a t e d  
by  i s o p y c n ic  d e n s i t y  g r a d i e n t  s e p a r a t i o n .
The sam ple lo a d e d  on t o  r e - r u n  one (F ig u r e  h . J b )  
was d e r i v e d  from  th e  ’l i g h t 1 ly s o s o m a l  r e g i o n .  T h is  
m a t e r i a l  c o n ta in e d  some ’m ic ro so m al p la sm a  membrane 
a l k a l i n e  R N ase1 and c o n s i d e r a b l y  more o f  th o  ’ly so so m a l*  
a l k a l i n e  RNase. Two p e ak s  were r e s o l v e d  from  th e  
g r a d i e n t  -  a. s m a l l  p e a k ,  a t  a b o u t  d e n s i t y  1 .1 2 ,  and a 
l a r g e r  p e ak  a t  d e n s i t y  1 .2 1 .  The l a r g e r  peak  h ad  a 
s h o u ld e r  a t  d e n s i t y  1 .1 7 -1 .1 9 *  H in to n ,  N o r r i s  and R e id  
(1970) p e r fo rm in g  th e  i s o p y c n ic  d e n s i t y  g r a d i e n t  s e p a r a t i o n  
o f  a m ic ro som al f r a c t i o n  i n  a B-XV z o n a l  r o t o r ,  showed 
t h a t  p lasm a  membrane v e s i c l e s  banded  b e tw ee n  th e  d e n s i t i e s  
o f  1 .1 3  end 1 .1 8 .  M ien t h e y  s u b m i t t e d  th e  p u r i f i e d  f r e e
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p lasm a  membrane f r a g m e n t s ,  o b t a in e d  b y  th e  f r a c t i o n a t i o n  
o f  a c rude  n u c l e a r  f r a c t i o n  on an A X II  z o n a l  r o t o r  ( a s  
i n  F ig u re  4 . 1 2 ) ,  t o  i s o p y c n ic  d e n s i t y  g r a d i e n t  c e n t r i f u g ­
a t i o n ,  th e  f r e e  p lasm a  membrane s h e e t s  banded  a t  a 
d e n s i t y  o f  1 .1 8 ,  The m ost p r o b a b le  e x p l a n a t i o n  f o r  th e  
p a t t e r n  o b t a in e d  i n  r e g i o n ?  r e - ru n  (F ig u re  4 .7 a )  i s  t h a t  
th e  f i r s t  p e ak  o f  a l k a l i n e  RNase a c t i v i t y  r e p r e s e n t s  
p lasm a membrane v e s i c l e s  w hich  have  n o t  y e t  s e d im e n te d  
t o  t h e i r  i s o p y c n ic  p o s i t i o n .  Some l a r g e  s h e e t s  a r e ,  
h ow ev er ,  p r e s e n t  and i t  i s  t h e s e  w hich  a re  r e s p o n s i b l e  
f o r  th e  s h o u ld e r  o f  a c t i v i t y  a ro und  d e n s i t y  1 .1 8 .  The 
main p eak  o f  a c t i v i t y  a t  th e  h i g h e r  d e n s i t y  c o r r e s p o n d s  
t o  th e  i s o p y c n ic  d e n s i t y  o f  th e  ly so so m e s .
In  r e g i o n  2 r e - r u n ,  a p a r t  from  a s m a l l  amount o f  
s o lu b le  a c t i v i t y ,  th e  a l k a l i n e  RNase i s  i n  a s i n g l e  n a r ro w  
band  a t  a b o u t  d e n s i t y  1 .2 1 ;  t h e r e  b e in g  v e r y  l i t t l e  
p lasm a  membrane a c t i v i t y  i n  th e  i n i t i a l  sam ple lo a d e d .
The a l k a l i n e  RNase i n  r e g i o n  3 r e - r u n  i s  a l s o  i n  a s i n g l e  
p e a k ,  b u t  th e  a c t i v i t y  i s  i n  a b ro a d  band  p e a k in g  a t  a 
d e n s i t y  a b o u t  1 . 1 9 - 1 . 2 ,  T h is  i s  a c o m p o s ite  p e ak  
i n c l u d i n g  th e  h i g h e r  d e n s i t y  ly s o s o m a l  and m i t o c h o n d r i a l  
a c t i v i t i e s  and th e  a c t i v i t y  o f  th e  f r e e  p lasm a  membrane 
f ra g m e n ts  t o g e t h e r  w i th  any s o lu b le  o r  a d so rb e d  a c t i v i t y  
t h a t  may be in c lu d e d  i n  th e  a g g re g a te d  m a t e r i a l  a t  th e  
end o f  th e  HS g r a d i e n t .
I n  th e  c o r r e s p o n d in g  e x p e r im e n t  u s in g  m a t e r i a l  f ro m  
th e  l i v e r s  o f  T r i t o n  M R -1 3 3 9 - tre a te d  r a t s  ( F ig u r e  4 .9 a  
and b ) ,  th e  r e s u l t s  a re  more d i f f i c u l t  t o  e x p l a i n .
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AMPase was n o t  a s s a y e d  as  a p lasm a membrane m arker and 
so i t  i s  n o t  known h o w ,■i f  a t  a l l ,  th e  T f i t o n  t r e a t m e n t  
h a s  a f f e c t e d  th e  s e d im e n ta t io n  o f  th e  p la sm a  membrane. 
C e r t a i n l y ,  th e  g lu co se~ 6 ~ p h o sp h a ta .se  p l o t  i n  F ig u r e  4 .9 a  
and th e  g lu c o s e - 6 - p h o s p h a t a s e  and AMPase p l o t s  i n  th e  r u n  
sh o rn  i n  F ig u r e  4 . 1 ? ,  w hich  i s  com parab le  t o  t h a t  i n  
F ig u re  4 . 9 a ,  do n o t  r e v e a l  any d i f f e r e n c e s  i n  th e  r a t e  
s e d im e n ta t io n  o f  th e  m ic ro so m al o r  p lasm a  membrane m a t e r i a l  
a f t e r  T r i t o n  MR-1 3 3 9 - t r e a t m e n t .  The d i s t r i b u t i o n  o f  
a l k a l i n e  RNase i n  th e  i s o p y c n ic  r e - r u n  one o f  F ig u re  
4 .9 b  i s  a lm o s t  e n t i r e l y  i n  a b ro a d  l o w - d e n s i t y  peak  
w hich  p r o b a b ly  r e p r e s e n t s  th e  combined a c t i v i t y  o f  th e  
’ t r i t o s o m o s 1 and th e  p lasm a membrane v e s i c l e s  and w hich  
m erges w i th  a s m a l l e r  p e ak  n e a r e r  th e  end  o f  th e  g r a d i e n t  
c o r r e s p o n d in g  to  th e  unchanged  ly so so m e s .  I n  r u n  2 ,  
th o  t r i t o s o m e  p eak  i s  r e d u c e d  and th e  ’l y s o s o m a l /m i to ­
c h o n d r i a l 1 p e ak  i n c r e a s e d ,  and i n  r u n  3 th e  m ain p e a k  i s  
th e  ’m i t o c h o n d r i a l / l y s o s o m a l 1 p e a k ,  w hich  h a s  a s h o u l d e r ,  
d e n s i t y  1 .1 5  t o  1 . 1 9 , p r o b a b ly  due t o  f r e e  p lasm a  
membrane f r a g m e n ts .
I t  i s  s i g n i f i c a n t  t h a t ,  i n  r u n s  1 and 2 (F ig u re  4 . 9 b ) ,  
w hich  a re  th e  r i c h e s t  i n  t r i t o s o m e s ,  t h e r e  i s  c o n s i d e r a b l e  
f r e e  s o lu b le  a c i d  RNase and a c i d  p h o s p h a ta s e  a c t i v i t y  i n  
th e  f i r s t  f r a c t i o n  o f  each  g r a d i e n t .  T h is  p r o b a b ly  
r e s u l t s  from  a h ig h  p e r c e n ta g e  o f  r u p t u r e d  t r i t o s o m e s .
There i s ,  h o w ev er ,  r e l a t i v e l y  l i t t l e  a l k a l i n e  RNase 
a c t i v i t y .  I f  a l k a l i n e  RNase a c t i v i t y  i s ,  i n  f a c t ,  
l o c a t e d  on th e  ly so so m a l  membrane, a s  th e  e a r l i e r
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r e s u l t s  i n d i c a t e d ,  t h e n ,  a f t e r  ’ t r i t o s o m e 1 r u p t u r e ,  th e  
a l k a l i n e  RNase a c t i v i t y  would hand  w i th  th e  t r i t o s o m e  
membrane f ra g m e n ts  r a t h e r  th a n  i n  th e  s o l u b l e  r e g i o n .
H in to n  e t  a l . ( 1 9 7 0 a ) ,  i n  t h e i r  i s o p y c n ic  z o n a l  p r e p a r ­
a t i o n s  o f  p la sm a  membrane, fo u nd  a s m a l l  c o n ta m in a t in g  
p eak  o f  a c i d  p h o s p h a ta s e  a c t i v i t y  w hich  t h e y  a t t r i b u t e d  
t o  ly so so m a l  membrane f r a g m e n ts  b a n d in g  a t  d e n s i t y  1 . 1 3 * 
H ence , i t  seems t h a t  th e  f i r s t  p e ak  o f  a l k a l i n e  RNase 
a c t i v i t y ,  a t  d e n s i t y  1 .1  t o  1 . 4 ,  i n  r u n s  1 and 2 , 
r e p r e s e n t s  p lasm a  membrane v e s i c l e s ,  whole t r i t o s o m e s  
and t r i t o s o m e  membrane f r a g m e n ts .
8 Fu r t h e r  E x p e r im e n ts  t o  I n v e s t i g a t e  t h e  H e t e r o g e n e i t y  o f  
Lysosomes
H aving  d e m o n s t r a te d  t h e  h e te ro g e n e o u s  n a t u r e  o f  l y s o ­
somes w i th  r e g a r d  t o  a c i d  p h o s p h a ta s e  and a c id  RNase, a 
p r e l i m i n a r y  s tu d y  was made o f  t h e  d i s t r i b u t i o n  o f  some 
o t h e r  ly so so m a l  enzymes a f t e r  f r a c t i o n a t i o n  o f  m i t o c h o n d r i a l  
/ l y s o s o m a l  f r a c t i o n s  from  n o rm al  l i v e r  and l i v e r  f rom  
T r i t o n  W R -1 3 3 9 -tre a ted  r a t s  on an  HS z o n a l  r o to r *  The 
enzymes exam ined w ere a c i d  p h o s p h o d i e s t e r a s e ,  s u l p h a t a s e  
and g a l a c t o s i d a s e .
A cid  p h o s p h o d i e s t e r a s e  was a s s a y e d  w i th  2 .5  mM Mg 
p r e s e n t  and a l t e r n a t i v e l y  w i th  2 .5  mM EDTA p r e s e n t .
T here  was s l i g h t  a c t i v a t i o n  by  t h e  EDTA, and when 5 mM 
EDTA was u s e d  t h e r e  was a b o u t  a 50$ a c t i v a t i o n  com pared 
to  th e  a c t i v i t y  i n  t h e  p re s e n c e  o f  2 . 5  mM Mg++. The 
d i s t r i b u t i o n  o f  t h e  enzyme a c r o s s  th e  g r a d i e n t  was t h e  
same when a s s a y e d  w i th  2.5mM Mg++ a s  w i th  ED^A, and
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Tho enzyme and p r o to  i n  p a t  t o r n  o b ta in e d  when a 
ro s u s p e n d e d  m i t o c h o n d r i a l / l y s o s o m a l  f r a c t i o n  from  l i v e  
o f  a r a t ,  t r e a t e d  w i th  T r i t o n  MR-13393 i s  f r a c t i o n a t e d  
on th e  s t a n d a r d  g r a d i e n t  i n  an  HS r o t o r  f o r  45 m in u te s  
a t  9 ?000 r  .p  .m.
T h is  i s  a r e p e a t  o f  th e  e x p e r im e n t  sh o rn  i n  F ig u r  
4 . 9 a ,  b u t  w i th  a d d i t i o n a l  a s s a y s  f o r  ly so so m a l  enzymes
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fo l lo w e d  v e r y  c l o s e l y  t h a t  o f  a c i d  RNase (F ig u re  If. 1 1 ) .  
A cid  p h o s p h o d i e s t e r a s e  was a s s a y e d  i n  two r u n s ,  and t h e  
a v e ra g e  d i s t r i b u t i o n ,  t a b u l a t e d  i n  T ab le  *f.3* i n d i c a t e s  
t h a t  t h e  mean enzyme d i s t r i b u t i o n  i n  t h e  ly so so m a l  r e g i o n  
l i e s  be tw een  t h a t  o f  a c i d  RNase and a c i d  p h o s p h a ta s e  b u t  
i s  p r o b a b ly  c l o s e r  to  t h a t  o f  a c i d  RNase.
I t  i s  i n t e r e s t i n g  t h a t ,  when a c i d  RNase was a s s a y e d  
i n  t h e  same e x p e r im e n t  i n  th e  p r e s e n c e  o f  2 .5  mM Mg++ o r  
EDTA, t h e  enzyme d i f f e r e d  from  a c i d  p h o s p h o d i e s t e r a s e  and 
1l y s o s o m a l / m i t o c h o n d r i a l 1 a l k a l i n e  RNase i n  b e in g  s l i g h t l y  
a c t i v a t e d  by  th e  p r e s e n c e  o f  Mg
The d i s t r i b u t i o n  o f  p - n i t r o p h e n y l s u l p h a t a s e  and  
p - n i t r o p h e n y l g a l a c t o s i d a s e  i s  a l s o  shown in  F i g u r e  * f . l l .  
p - N i p . s u l p h a t a s e  h a s  a  b im o d a l  d i s t r i b u t i o n ,  b e in g  
a s s o c i a t e d  w i th  t h e  ly sosom es and m ic ro so m es , b u t  o v e r  
t h e  ly so so m a l  r e g i o n  t h e  a c t i v i t y  c l o s e l y  f o l lo w s  t h a t  
o f  a c i d  RNase. The p - n . p . g a l a c t o s i d a s e  a c t i v i t y  was 
v e r y  low  i n  t h e  s o l u b l e  and m ic ro so m a l  r e g i o n s ,  and  showed 
a s p r e a d  o f  a c t i v i t y  a c r o s s  t h e  1heavy* ly s o s o m a l  r e g i o n ,  
p e a k in g  a t  t h e  end o f  th e  g r a d i e n t  a g a i n s t  t h e  c u s h io n .  
Assuming t h a t  t h i s  a c i d  h y d r o l a s e  i s  n o t  b im o d a l ly  
d i s t r i b u t e d  be tw een  t h e  ’h e a v y 1 ly so so m es  and th e  m i t o ­
c h o n d r i a ,  t h e  enzyme i s  e v i d e n t l y  p r e s e n t  i n  p a r t i c l e s  
s e d im e n t in g  f a s t e r  th a n  b o th  t h e  a c i d  p h o s p h a t a s e - r i c h  
and t h e  a c id  E N a s e - r ic h  ly so so m e s .  When th e  f r a c t i o n s  
from  an HS z o n a l  s e p a r a t i o n  o f  m i t o c h o n d r i a l / l y s o s o m a l  
f r a c t i o n  from  th e  l i v e r  o f  a  T r i t o n  W R -1 3 3 9 -tre a te d  r a t
was sc an n e d  f o r  a c i d  p h o s p h o d i e s t e r a s e  ( a s s a y e d  i n  th e  
p r e s e n c e  o f  2 .5  mM EDTA), th e  m ain p e ak  o f  a c t i v i t y  was 
be tw een  t h a t  o f  t h e  ly s o s o m a l  a c i d  p h o s p h a ta s e  and  t h a t  
o f  a c i d  RNase (F ig u r e  )+ . l 5 ) .  The 1t r i t o s o m a l*  p - n ^ p ^ g a l -  
a c t o s i d a s e  peak  showed a m ark e d ly  a l t e r e d  d e n s i t y ,  and now 
se d im e n te d  w i th ,  o r  p e rh a p s  more s lo w ly  th a n ,  t h e  t r i t o -  
som al a c i d  RNase, a f t e r  t h e  a c i d  p h o s p h a ta s e  and a c i d  
p h o s p h o d i e s t e r a s e  a c t i v i t i e s .  A f u r t h e r  enzyme -  
^ - g l u c u r o n i d a s e  -  was a l s o  a s s a y e d  i n  t h i s  r u n .  The 
enzyme showed some m ic ro so m a l a c t i v i t y ,  b u t  o v e r  t h e  
ly s o s o m a l  r e g io n  t h e  a c t i v i t y  a g a in  fo l lo w e d  t h a t  o f  t h e  
’ t r i t o s o m a l 1 a c i d  RNase.
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CHAPTER FIVE; STUDIES ON THE RIBONUCLEASES AND PHOSPHODp 
IESTERASES IN HEPATOMA AND PHECAMCEROUS LIVER
1 * The E r a c t i o n a t i o n  o f  Hepatoma by  Z onal C e n t r i f u g a t i o n
i n A X II and HS R o to rs  ~
When a c ru d e  m i t o c h o n d r i a l / l y s o s o m a l  f r a c t i o n  from  a 
t r a n s p l a n t e d  h epatom a was f r a c t i o n a t e d  i n  an  HS z o n a l  
r o t o r ,  t h e  c e n t r i f u g a t i o n  t im e  and g r a d i e n t  d e te rm in e d  as  
th e  m ost s u i t a b l e  f o r  a s i m i l a r  f r a c t i o n  from  n o rm a l  l i v e r  
were u s e d .  The d i s t r i b u t i o n  o f  p r o t e i n  and enzyme 
o b t a i n e d  (F ig u re  5 - 1 )  i s  v e r y  d i f f e r e n t  from  t h a t  o b t a i n e d  
w i th  n o rm a l l i v e r .  The hepatom a m i to c h o n d r ia  a r e  fo u n d  
to  se d im e n t  much more s lo w ly  th a n  th o s e  o f  n o rm al l i v e r  
and hav e  n o t  y e t  r e a c h e d  t h e i r  i s o p y c n ic  d e n s i t y ,  a s  shown 
by  th e  d o u b le  peak  o f  s u c c i n i c  d e h y d ro g e n a se  a c t i v i t y  i n  
t h e  c e n t r e  o f  t h e  g r a d i e n t .  The a c i d  RNase s c a n  shows 
an i n i t i a l  s o l u b l e  p e a k  o f  a c t i v i t y .  The p e ak  o f  a c i d  
R N a s e - r ic h  ly sosom es i n  hepatoma^ as  i n  l i v e r ,  s e d im e n ts  
s l i g h t l y  f a s t e r  th a n  th e  a c i d  p h o s p h a t a s e - r i c h  p a r t i c l e s ,  
b u t  b o th  groups o f  hepatom a ly so so m es  se d im e n t  more s lo w ly  
t h a n  th e  c o r r e s p o n d in g  o r g a n e l l e s  i n  l i v e r  and a r e  p o o r l y  
s e p a r a t e d  from  t h e  m ic ro so m es . T here  i s ,  i n  a d d i t i o n ,  an 
u n u s i ia l  amount o f  a c i d  RNase i n  s t r u c t u r e s  w h ich  s e d im e n t  
f a s t e r  th a n  t h e  m i to c h o n d r ia  and band  a t  t h e  end o f  t h e  
g r a d i e n t .  A lthoug h  t h e r e  i s  a w ide s p r e a d  o f  a c i d  
p h o s p h a ta s e  a c t i v i t y  a c r o s s  t h e  g r a d i e n t ,  t h e r e  i s  
p r o p o r t i o n a l l y  l i t t l e  a c i d  p h o s p h a ta s e  a c t i v i t y  i n  t h e  
r e g io n  o f  t h i s  a c i d  R N a se - r ic h  p e ak  as  compared w i th  t h e
Tho p r o t o i n  and enzyme p a t t e r n  o b t a in e d  when th o  
r e s u s p e n d e d  m i to c h o n d r i a l / l y s o s o m a l  f r a c t i o n  from  su b ­
c u ta n e o u s  t r a n s p l a n t s  o f  hepatom a U/Awerc f r a c t i o n a t e d  
i n  an HS z o n a l  r o t o r .  Sample p r e p a r a t i o n  i s  d e s c r i b e d  
i n  th e  M a t e r i a l s  and Methods s e c t i o n ,  and th e  g r a d i e n t  
u se d  was t h a t  u s e d  as  s t a n d a r d  i n  th e  e a r l i e r  e x p e r im e n ts  
w i th  n o rm al l i v e r  ( e . g . .  F ig u re  ^*.12).
F ig u re  5 .1
Tumour U, s u b l in e  A, g e n e r a t i o n  87 was u se d  19 day s  
a f t e r  t r a n s p l a n t a t i o n .  T o ta l  tumour w e ig h t  was 2 0 .7  g 
( i n c l u d i n g  6 g o f  c a p s u le )  and th o  sample c o r re s p o n d e d  t o  
12 g o f  t i s s u e .
C e n t r i f u g a t i o n  was a t  9 ,0 0 0  r . p . m .  f o r  l:-5 m in.
U r ic a s e  a c t i v i t y  was a b s e n t .
F ig u re  5 .2
Tumour U/.A, g e n e r a t i o n  89 was u s e d  19 days  a f t e r  
t r a n s p l a n t a t i o n .  T o ta l  tum our w e ig h t  was 2 0 .3  g ( i n c l u d i n g  
5 .7  g c a p s u l e ) ,  and th e  sample c o r re s p o n d e d  t o  13*6 g 
o f  t i s s u e .
C e n t r i f u g a t i o n  was a t  9 5 000 r . p . m .  f o r  2 h r .
U r ic a s e  a c t i v i t y  was a b s e n t .
F ig u ro  5 .^
Tumour U /A ,g e n e ra t io n  100 was u se d  19 d ays  a f t e r  
t r a n s p l a n t a t i o n .  T o ta l  tum our w e ig h t  was 3 0 .9  g (7*5  g 
o f  c a p s u le )  and th e  sample c o r re s p o n d e d  t o  16 g o f  t i s s u e .  
C e n t r i f u g a t i o n  was a t  9 5 000 r . p . m .  f o r  1 h r  h5 m in .
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ly so so m a l  r e g i o n .  T here  i s ? how ever ,  a f a i r l y  h ig h  
p r o t e i n  p e a k .  The sc a n s  o f  G -6 -P ase  and AMPase show th e  
u s u a l  a c t i v i t y  i n  t h e  m ic ro so m al band  a t  th e  l i g h t  end o f  
t h e  g r a d i e n t  -  c l o s e  to  t h e  i n i t i a l  sam ple  zone . T here  
i s  a l s o ,  i n  c o n t r a s t  w i th  l i v e r ,  a s p r e a d  o f  a c t i v i t y  
a c r o s s  t h e  r e s t  o f  t h e  g r a d i e n t  w i t h  a v e r y  s m a l l  p e a k  a t  
d e n s i t y  1 .1 6  w hich  c o u ld  r e p r e s e n t  tum our p lasm a  membrane, 
and a f u r t h e r  s m a l l  peak  a t  t h e  end o f  t h e  g r a d i e n t  
c o r r e s p o n d in g  t o  th e  f a s t  s e d im e n t in g  a c i d  RNase a c t i v i t y  
p e a k ,  p o s s i b l e  due t o  th e  a g g r e g a te d  m a t e r i a l .
No u r i c a s e  a c t i v i t y  was fo u n d ;  G -6-P ase  was r e d u c e d  
to  $ o f  t h a t  o f  n o rm al l i v e r ,  and AMPase a c t i v i t y  was 
a p p ro x im a te ly  t im e s  i n c r e a s e d .
The a l k a l i n e  RNase d i s t r i b u t i o n  p a t t e r n  f o l lo w s  t h a t  
o f  AMPase f a i r l y  c l o s e l y .  The i n i t i a l  p e ak  o f  a l k a l i n e  
RNase a c t i v i t y  i s  s l i g h t l y  d i s p l a c e d  to w ard s  t h e  d e n s e r  
p a r t  o f  th e  g r a d i e n t  th a n  t h a t  o f  AMPase. S in c e  t h e  
ly so so m es  have  n o t  se d im e n te d  f a r  i n t o  t h e  g r a d i e n t ,  t h i s  
p e a k  may r e p r e s e n t  b o t h  m ic ro so m al and ly s o s o m a l  a c t i v i t y .
I n  o r d e r  to  im prove t h e  s e p a r a t i o n  o f  ly so so m es  from  
t h e  m ic ro so m al and m i t o c h o n d r i a l  m a t e r i a l ,  t h e  c e n t r i f u g ­
a t i o n  t im e  was i n c r e a s e d  to  two h o u r s  i n  a se co n d  
e x p e r im e n t .  The enzyme and p r o t e i n  d i s t r i b u t i o n  o b t a i n e d  
i s  shown i n  F ig u r e  5«2. W ith th e  i n c r e a s e d  c e n t r i f u g a t i o n  
t im e ,  t h e  m i to c h o n d r ia  s e d im e n te d  to  t h e  end o f  t h e  
g r a d i e n t ,  b u t  s u c c i n i c  d e h y d ro g e n ase  a c t i v i t y  was s t i l l  
p r e s e n t  i n  a d o u b le  p e a k  a t  d e n s i t i e s  1 .1 7  and 1 .1 9
( t h e  i s o p y c n ic  d e n s i t y  o f  m i to c h o n d r ia  from  n o rm a l  l i v e r  
b e in g  a b o u t  1 . 1 8 ) .  I n  t h e  m ic ro so m al r e g i o n  a t  t h e  
b e g in n in g  o f  t h e  g r a d i e n t ,  t h e  G - 6 - P a s e - r i c h  v e s i c l e s  
have  s t a r t e d  to  s e d im e n t  away from  t h e  A M Pase-rich  
m ic ro so m a l p lasm a  membrane v e s i c l e s .  T here  w as, h ow ev er ,  
s t i l l  c o n s i d e r a b l e  G -6 -P ase  and AMPase a c t i v i t y  s p r e a d  
a c r o s s  t h e  g r a d i e n t .  At t h e  d e n s e r  end o f  t h e  g r a d i e n t ,  
t h e  A M Pase-rich  m a t e r i a l  was fo un d  in  two s e p a r a t e  bands 
a t  d e n s i t i e s  1 .1 6  and 1 .2 0 ,  as was p r e v i o u s l y  fo u n d  i n  
th e  z o n a l  f r a c t i o n a t i o n  o f  a  n u c l e a r  p e l l e t  d e r i v e d  from  
n o rm al l i v e r  on an A X II  r o t o r .
A l l  th e  ly s o s o m a l  enzymes a s s a y e d  showed a v e r y  w ide 
s p r e a d  o f  a c t i v i t y  r i g h t  a c r o s s  t h e  g r a d i e n t ,  and th e  
r e s o l u t i o n  was l i t t l e  b e t t e r  t h a n  t h a t  w i th  t h e  b5  m in u te  
c e n t r i f u g a t i o n  t im e .  Acid RNase o f  t h e  ly s o s o m a l  r e g i o n  
was c l e a r l y  s e p a r a t e d  from  t h a t  o f  t h e  s o l u b l e  r e g i o n ,  
w hereas  t h e  s lo w e r  sed im en tin g  ly s o s o m a l  a c i d  P a se  a c t i v i t y  
m erged w i th  t h a t  o f  t h e  s o l u b l e  a c t i v i t y .  B o th  a c i d  
R N a s e - r ic h  and a c i d  P a s e - r i c h  ly so so m es  se d im e n te d  i n t o  
t h e  m i t o c h o n d r i a l  r e g i o n  and , a t  t h e  end o f  t h e  g r a d i e n t ,  
t h e r e  was a p e ak  o f  a c i d  RNase, and a s m a l l e r  p e ak  o f  a c i d  
P ase  a c t i v i t y  w hich m ig h t  r e p r e s e n t  f a s t e r  s e d im e n t in g  
ly so so m es  b a n d in g  on t h e  e x p o n e n t i a l  p a r t  o f  t h e  g r a d i e n t  
o r  e l s e  m e re ly  a g g r e g a te d  m a t e r i a l .  £ - G lu c u r o n id a s e ,  
h a v in g  a d u a l  l o c a t i o n  i n  t h e  ly so so m e s  end t h e  m ic r o ­
som al m a t e r i a l ,  showed a com plex d i s t r i b u t i o n  p a t t e r n .
Acid p h o s p h o d i e s t e r a s e  showed a s m a l l  p e ak  i n  t h e  s o l u b l e
2(h  -
r e g i o n 3 and a se co n d  p e ak  in  t h e  m ic ro so m al r e g i o n ,  w hich  
i s  p r o b a b ly  r e s i d u a l  a c t i v i t y  o f  t h e  a l k a l i n e  enzyme a t  
an a c i d  pH; t h e  re m a in in g  a c t i v i t y  was s p r e a d  r i g h t  a c r o s s  
t h e  ly so so m a l  r e g i o n .
The r e s u l t s  from  t h e  z o n a l  ru n s  shown in  F ig u r e s  
and 5 -2  were computed to  d e te rm in e  t h e  minimum c e n t r i f u g ­
a t i o n  t im e  r e q u i r e d  f o r  t h e  tum our m i to c h o n d r ia  to  r e a c h  
t h e i r  i s o p y c n ic  p o s i t i o n ,  so t h a t  t h e  amount o f  ly so so m es  
s e d im e n t in g  i n to  t h e  m i t o c h o n d r i a l  zone m igh t be  m in im is e d ,  
w h i le  g iv in g  t h e  b e s t  s e p a r a t i o n  from  t h e  m ic ro so m al r e g i o n .  
I n  th e  n e x t  z o n a l  r u n ,  t h e  c a l c u l a t e d  c e n t i i f i g a t i o n  t im e  
o f  1 h r  1+5 min was u s e d .  The p r o t e i n  and enzyme d i s t r i b ­
u t i o n s  o b t a in e d  a r e  shown i n  F ig u r e  5*3* I n  t h i s  
e x p e r im e n t ,  s u c c i n i c  d e h y d ro g e n ase  was foun d  i n  a s i n g l e  
p e ak  and t h e r e  was a s i n g l e  p r o t e i n  p e ak  a t  t h e  end o f  t h e  
g r a d i e n t .  AMPase a c t i v i t y  was fo u n d  i n  t h r e e  b and s  as  
i n  t h e  p r e v io u s  e x p e r im e n t ,  and th e  peak  a t  d e n s i t y  1 . 1 6 , 
p resum ed to  be tum our p lasm a  membrane f r a g m e n ts ,  was l i t t l e  
c o n ta m in a te d  w i th  G -6 -P a se .  A l k a l i n e  p h o s p h o d i e s t e r a s e  
showed a d i s t r i b u t i o n  v e r y  s i m i l a r  to  t h a t  o f  AMPase.
The ly s o s o m a l  enzymes a c i d  p h o s p h a ta s e  and a c i d  RNase 
were a g a in  s p r e a d  a c r o s s  t h e  g r a d i e n t .  T here  was s t i l l  a 
l a r g e  p e ak  o f  a c t i v i t y  a t  t h e  end o f  t h e  g r a d i e n t  a t  a b o u t  
d e n s i t y  1 .2  b u t  t h e r e  was l e s s  m erg in g  o f  t h i s  a c t i v i t y  
w i th  t h e  b ro a d  s p r e a d  o f  ly so so m a l  m a t e r i a l  i n  t h e  c e n t r e  
o f  t h e  g r a d i e n t .  I t  was c o n s id e r e d  t h a t  p e ak s  o f  
a c t i v i t y  o f  t h e  ly s o s o m a l  enzymes w hich  s e d im e n t  f a s t e r  
th a n  th e  m i to c h o n d r ia  c o u ld  be  l a r g e  phagosom es -
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c e r t a i n l y ,  t h e y  s e d im e n t  f a s t e r  th a n  t h e  ly soso m es  o f  
n o rm al t i s s u e .  F r a c t i o n  tu b e  110. 3 2 ,  o f  t h e  ru n  shown 
i n  F ig u r e  5*1? w hich  c o n ta in s  v e r y  few  m i to c h o n d r i a ,  was 
exam ined u n d e r  a p h a se  c o n t r a s t  m ic ro s c o p e .  The f r a c t i o n  
c o n ta in e d  a few  o r g a n e l l e s  w hich  may w e l l  have  b e e n  p hago­
som es, a number o f  l a r g e r  g lo b u le s  h a v in g  no a p p a r e n t  
s t r u c t u r e ,  some a g g r e g a te d  m a t e r i a l ,  b u t  n o t  c o n n e c t iv e  
t i s s u e ,  and many amorphous a g g re g a t e s  p r o b a b ly  d e r i v e d  
from  n e c r o t i c  a r e a s  o f  t h e  tum our.
A lk a l in e  RNase a c t i v i t y ,  w hich  was a s s a y e d  i n  t h e  
p r e s e n c e  o f  pCMB and EDTA ( 2 .5  mM) seems to  f o l l o w  t h a t  o f  
a c i d  RNase much more th a n  i n  l i v e r  and shox\rs r e l a t i v e l y  
s m a l l e r  amounts o f  a c t i v i t y  i n  t h e  p lasm a  m e m b ra n e - r ic h  
r e g i o n s .  A lk a l in e  p h o s p h o d i e s t e r a s e . a c t i v i t y ,  h o w ev er ,  
v e r y  c l o s e l y  f o l lo w s  t h a t  o f  AMPase. , The p la sm a  membrane 
f r a c t i o n  in  hepatom a a p p e a rs  to  be v e r y  much lo w e r  th a n  
t h a t  fo u n d  i n  l i v e r  and i t  would seem t h a t  p r o p o r t i o n a l l y  
l e s s  o f  t h e  t o t a l  a l k a l i n e  M a s s  a c t i v i t y  i s  l o c a t e d  i n  
t h e  hepatom a p lasm a membrane.
I n  o r d e r  to  exam ine th e  f a s t e r  s e d im e n t in g  s t r u c t u r e s  
and t h e  a l k a l i n e  RNase d i s t r i b u t i o n  f u r t h e r ,  i t  was 
d e c id e d  to  p e rfo rm  a s e p a r a t i o n  o f  tum our hom ogenate  011 
t h e  A X II  r o t o r .  The same g r a d i e n t  was u s e d  as  i n  
p r e v io u s  p lasm a membrane s e p a r a t i o n  e x p e r im e n ts  d e s c r i b e d  
i n  C h a p te r  f o u r ,  b u t  t h e  c e n t r i f u g a t i o n  t im e  was i n c r e a s e d  
from  1 h r  to  1 h r  50 m in .
The s u c c i n i c  d e h y d ro g e n a se  a c t i v i t y  was a g a in  
p r e s e n t  i n  a d o u b le  p e a k .  T h is  d o u b le  p e ak  does  n o t
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a p p e a r - to  be  a c o n s ta n t  f e a t u r e  o f  t h i s  turnonr - H in to n  
(1970) cuib Hartm an and R e id  ' ( 1 9 6 9 ) Have u s e d  t h e  same 
t r a n s p l a n t ,  l i n e  i n  e a r l i e r  g e n e r a t i o n s ,  and have  n o t  
found  t h i s  d o u b le  p e ak  011 z o n a l  s e p a r a t i o n s  i n  an A X II  
r o t o r .  I t  i s  p o s s i b l e  t h a t  some o f  t h e  m i to c h o n d r i a  have  
been  damaged, e i t h e r  i n  v iv o  o r  by  t h e  h o m o g e n is a t io n  
c o n d i t i o n s .  The d o u b le  p e a k ,  h o w ev er ,  i s  m ost p r o b a b ly  
t h e  r e s u l t  o f  an e r ro n e o u s  a s s a y  i n  a s i n g l e  f r a c t i o n .
The m i to c h o n d r ia  a r e  s m a l l e r  and more s lo w ly  s e d im e n t in g  
th a n  t h o s e  o f  n o rm al l i v e r .
The peak  o f  t h e  p lasm a  membrane f ra g m e n ts  w hich  i s  
fo u n d  on th e  d e n se  s i d e  o f  t h e  m i t o c h o n d r i a l  p e a k  i s  v e r y  
much r e d u c e d  as  compared w i th  n o rm a l  l i v e r .  H in to n  (1970) 
h a s  shown t h a t  w i th  n o rm a l  l i v e r  t h e  h o m o g e n is a t io n  
c o n d i t i o n s  a r e  c r i t i c a l  f o r  a h i g h  y i e l d  o f  p la sm a  membrane 
i n  t h i s  p e a k ,  and a l s o  t h a t  t h e  y i e l d  i s  v e ry  much im proved 
i f  t h e  l i v e r  i s  p e r f u s e d  to  remove b lo o d  c e l l s  b e f o r e  
h o m o g e n is a t io n .  In  t h e  HS z o n a l  tumour f r a c t i o n a t i o n  
ru n s  ( F ig u r e s  5 .2  and 5 i 3 ) j  t h e  tu m o u rs ,  w hich  w ere u s e d  
19 days a f t e r  t r a n s p l a n t a t i o n ,  c o n ta in e d  v e r y  l i t t l e  
b lo o d  and y i e l d e d  p e ak s  o f  AMPase a c t i v i t y ,  i n d i c a t i v e  
o f  p la sm a  membrane r e l a t i v e l y  f r e e  o f  G -6 -P ase  a c t i v i t y ,  
a t  d e n s i t y  a b o u t  1 .1 5 .  The A X II  r o t o r  s e p a r a t i o n  shown 
i n  F ig u re  5 . 1+5 h o w ever ,  was done w i th  a tum our t r a n s p l a n t  
23 days o l d ,  w hich  had  become v e r y  b lo o d y ;  t h i s  c a u s e d  
much a g g r e g a t i o n  a.nd im p a i re d  p u r i f i c a t i o n  o f  t h e  tum our 
p lasm a  membrane f r a g m e n ts .
Logend t o  F ig u r e  5.W
The p r o t o i n  and enzyme p a t t e r n  o b t a i n e d  when whole 
hom ogenate o f  hepatom a was f r a c t i o n a t e d  on an A X II  
z o n a l  r o t o r .
Tumour U/A, g e n e r a t i o n  99» was u s e d  23 days a f t e r  
t r a n s p l a n t a t i o n .
Tho sam ple c o r r e s p o n d s  t o  J6g o f  tum ouri 
The z o n a l  g r a d i e n t  and sample p r e p a r a t i o n  a re  
d e s c r i b e d  i n  th e  M a t e r i a l s  and Methods s e c t i o n .
C e n t r i f u g a t i o n  was a t  3*700 r . p . m .  f o r  110 m in .
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The distribution of G-6-Paso shows a shouldor, not 
followed by tho AMPase, in tho region of the mitochondria. 
This probably represents endoplasmic reticulum fragments 
adhering to the mitochondria.
A much greater peak of nuclei, whole cells, aggregated 
material and connective tissue banding at the end of the 
gradient, against the cushion, is found after the fraction­
ation of tumour homogenate on an A XII zonal rotor, than 
is found with normal tissue. Much of the fast sedimenting 
acid phosphatase and acid RNase activities are located in 
this peak together with a considerable amount of AMPase 
and G-6-Pase activity.
The main peak of acid phosphatase activity is scarcely 
separated from the microsomal material. The distribution 
of acid phosphatase is very closely followed by that of 
y?-glucuronida.se, but the main lysosomal acid RNase peak 
is clearly separated from that of acid phosphatase and 
lies between the microsomal and mitochondrial peaks.
The faster sedimenting acid RNase and acid Pase activities 
were distributed diffusely across the remainder of the 
gradient. This material corresponds to the peaks of 
lysosomal enzyme activities found at the dense end of the 
HS zonal gradients, since the material at the end of the 
A XII gradient, sedimenting with the nuclei, is too large 
to have been included in the mitochondrial/lysosomal 
fractions loaded onto the HS rotor.
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2 . S ] ^ M £ a . Q t ^ f ^ s tj^Qmyc.in D on t h e I n c r e a s e d  Le v e l s  
o f  C ytoso l. Acid RNase i n  th e  P r e c a n c e r o us  T.iver s  o f  
R a ts  Fed on a D ie t  C o n ta in in g  an Azo-dve
The p r e s e n t  z o n a l  s t u d i e s  on hepatom a showed no 
d ra m a t ic -  d i f f e r e n c e  i n  th e  d i s t r i b u t i o n  o f  th e  RNases 
as compared w i th  n o rm al  l i v e r .  I n  v iew  o f  th e  e a r l i e r  
r e s u l t s  o f  s e v e r a l  g ro u p s  o f  w o rk e rs  (Nodes and R e id 5 
196V )5 w hich  have  d e m o n s t r a te d  an i n c r e a s e  i n  th e  s u p e r ­
n a t a n t  a c i d  RNase i n  p r e c a n c e r o u s  l i v e r ,  w hich  c o u ld  
p o s s i b l y  be due t o  breakdow n o f  ly so so m e s ,  a t t e n t i o n  was 
d i r e c t e d  t o  p r e c a n c e r o u s  l i v e r .
Nodes and R e id  ( 196V) r e p o r t e d  changes  i n  r a t  l i v e r  
s u p e r n a t a n t  a c i d  RNase a f t e r  f e e d in g  r a t s  on a number 
o f  d i f f e r e n t  a z o -d y e s  h a v in g  v a r y in g  c a r c in o g e n ic  
p r o p e r t i e s .  k !P-DAB, w hich  i s  h i g h l y  c a r c i n o g e n i c ,  
was foun d  to  g iv e  th e  g r e a t e s t  r i s e  i n  th e  s u p e r n a t a n t  
a c id  RNase a c t i v i t y .  The r a t s  o f  th e  C h e s te r  B e a t t y  
a l b i n o  s t r a i n  showed a b o u t  a 95$ i n c r e a s e  i n  s u p e r n a t a n t  
a c id  RNase a f t e r  19 days and a 260$ i n c r e a s e  a f t e r  27 -51  
d a y s .  The g r e a t e s t  r a t e  o f  i n c r e a s e  was d u r in g  th e  
f i r s t  19 d a y s .  Hence k ’F-DAB was u se d  i n  t h i s  s tu d y .
A s i n g l e  p r e l i m i n a r y  e x p e r im e n t  was p e r fo rm e d  i n  
an a t t e m p t  t o  d e te rm in e  w h e th e r  th e  r i s e  i n  th e  c y t o s o l  
a c i d  RNa.se, in d u c e d  b y  azo -d y e  f e e d i n g ,  was i n  f a c t  
enzyme r e l e a s e d  b y  lysosom e breakdow n o r  n e w l y - s y n t h e s i s e d  
enzyme. The a n t i b i o t i c  a c t in o m y c in  D h a s  an i n h i b i t o r y  
e f f e c t  on p r o t e i n  s y n t h e s i s .  I t  i s  known to  complex 
w i th  g u a n in e  i n  th e  t e m p la te  DNA and so i n h i b i t  
t r a n s c r i p t i o n  and th e  p r o d u c t i o n  o f  mRNA ( e . g . ,  P i  t o t  e t  a l . ?
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1965; Lukyanov and S k upp e , 1966; C eram i, 1967 ) .  I t  
was c o n s id e r o d  t h a t  th e  a d m i n i s t r a t i o n  o f  a c t in o m y c in  D 
t o  r a t s  f e d  on a d i e t  c o n t a in i n g  k ’F-DAB may g iv e  some 
i n d i c a t i o n  o f  th e  so u rc e  o f  th e  i n c r e a s e d  l e v e l  o f  c y t o s o l  
a c i d  RNase. F o r  i n s t a n c e ,  i f  th e  in d u c e d  r i s e  i n  th e  
c y t o s o l  a c t i v i t y  was i n h i b i t e d  o r  p a r t l y  i n h i b i t e d  by  
a c t in o m y c in  D and th e  ly s o s o m a l  a c t i v i t y  was u n c h an g e d , 
t h i s  would i n d i c a t e  t h a t  th e  r i s e  w i th  azo -d y e  f e e d in g  
was ’n ew 1 enzyme. No a p p a r e n t  change w i th  a c t in o m y c in  
t r e a tm e n t  m ig h t i n d i c a t e  a ly s o s o m a l  o r i g i n .
Male r a t s  from  two l i t t e r s ,  b o th  8 weeks o l d ,  were 
u se d  f o r  t h i s  e x p e r im e n t .  A l l  a n im a ls  were f e d  on 
S t a n f o r d  c o n t r o l  d i e t ,  b u t  th e  fo o d  o f  th e  e x p e r im e n ta l  
a n im a ls  c o n ta in e d  0 .0 6 $  k ’F-DAJB. There were 8 c o n t r o l  
a n im a ls  (C 1 -8 )  and 16 e x p e r i m e n t a l s  (E 1 - 1 6 ) .  The 
d a i l y  fo o d  i n t a k e  o f  th e  c o n t r o l  a n im a ls  was r e s t r i c t e d  
t o  t h a t  o f  th e  e x p e r i m e n t a l s .  The a n im a ls  were p a i r  
f e d  f o r  t h r e e  days b e f o r e  k i l l i n g  -  u s u a l l y  one c o n t r o l  
a g a i n s t  two e x p e r im e n ta l  a n im a l s .  The e f f e c t s  o f  
i n j e c t i n g  a c t in o m y c in  D by  a c u te  dosage and by  c h ro n ic  
dosage were i n v e s t i g a t e d .  Acute i n j e c t i o n s  (1  mg/Kg 
body w t . )  were g iv e n  8 h r  b e f o r e  k i l l i n g ,  s in c e  th e  e f f e c t s  
o f  a c t in o m y c in  L have b e en  r e p o r t e d  t o  be maximal a f t e r  
t h i s  tim e  (S chw artz  e t  a l . , 1 9 6 5 ) .  C h ro n ic  i n j e c t i o n s  
were g iv e n  tv /ice  d a i l y  t o  s e p a r a t e  a n im a ls  f o r  3 days  
b e f o r e  k i l l i n g .  A l l  i n j e c t i o n s  were s u b c u ta n e o u s  and 
i n  i s o t o n i c  s a l i n e .  The f u l l  f e e d in g  and a c t in o m y c in  
D - t r e a tm e n t  programme i s  sho\m  i n  T ab le  5*1*
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E x p e r im e n t  programme f o r  p a i r  f e e d in g  w i th  c o n t r o l  
d i e t  and d i e t  c o n ta in i n g  k'F-DAB.
W eigh ts  a re  th o s e  o a te n  by  i n d i v i d u a l  a n im a ls  i n  
s e p a r a t e  c a g e s  d u r in g  th e  p r e v io u s  2h h r  o r  th e  a v e ra g e  
w e ig h t  e a t e n  by  each  a n im a l  when s e v e r a l  a n im a ls  a re  i n  
one c a g e .
F i g u r e s  i n  b r a c k e t s  r e p r e s e n t  th e  number o f  days on 
th e  c a r c i n o g e n ic  d i e t .
AC -  a c u te  i n j e c t i o n  o f  a c t in o m y c in  D 
CH -  c h r o n ic  i n j e c t i o n  o f  a c t in o m y c in  D 
F ig u r e s  i n  b r a c k e t s  a r e  th e  t o t a l  number o f  days 
i n d i v i d u a l  r a t s  were f e d  w i th  th e  e x p e r im e n ta l  d i e t .
E -  e x p e r im e n ta l  
C -  c o n t r o l
Legend to  F ig u re  5.,5
G r a p h ic a l  r e p r e s e n t a t i o n  o f  th e  changes  i n  enzyme 
a c t i v i t y  on f e e d in g  k !F-DAB and i n j e c t i n g  a c u te  and 
c h ro n ic  d o se s  o f  a c t in o m y c in  D. Enzyme a c t i v i t y  i s  
q u o te d  i n  a r b i t r a r y  u n i t s / g  o f  t i s s u e .
E r r o r  l i m i t s  a re  s e t  a t  2 s t a n d a r d  d e v i a t i o n s  on 
e i t h e r  s id e  o f  th e  mean c o n t r o l .
A/ S u p e r n a ta n t  a c id  RNase 
B /  Whole hom ogenate a c id  RNase 
B -A / S e d im e n tab le  a c i d  RNase 
C / S u p e r n a ta n t  a c id  Pase
0 C hron ic  i n j e c t i o n s  o f  a c t in o m y c in  D 
© Acute i n j e c t i o n s  o f  a c t in o y m c in  D
moan s t a n d a r d
c o n t r o l d e v i a t i o n
0 .2 6 2 ± 0 .0 1 1
1 .2 3 ± 0 .0 8
0 .9 7 ± 0 .0 6
0 .2 1 J-  o .o ^
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Days
'A f t e r  k i l l i n g  th e  a n i m a l s , enzymes wore a s s a y e d  i n  
th e  whole hom ogenate  and i n  th e  s u p e r n a t a n t  f r a c t i o n .  
Enzyme a s s a y s  a re  shown g r a p h i c a l l y  i n  F ig u re  5 .5*  
A c t i v i t y  i s  q u o te d  i n  a r b i t r a r y  u n i t s  / g  t i s s u e .  By 
s u b t r a c t i n g  s u p e r n a t a n t  a c i d  -RNase (A) from  th e  t o t a l  
hom ogenate a c t i v i t y  (B ) ,  an e s t im a t e  o f  th e  p a r t i c u l a t e ,  
' l y s o s o m a l 1, a c t i v i t y  i s  o b t a in e d  (B -A ). S u p e r n a ta n t  
a c i d  p h o s p h a ta s e  i s  shown i n  g ra p h  C. The mean c o n t r o l  
and s t a n d a r d  d e v i a t i o n  v a lu e s  were c a l c u l a t e d .  The 
l i m i t s  marked i n  each  g ra p h  a re  s e t  a t  2 s t a n d a r d  
d e v i a t i o n s ,  hence  any  p o i n t  f a l l i n g  o u t s i d e  t h e s e  l i m i t s  
i s  s i g n i f i c a n t  a t  th e  95$ l e v e l .
There i s  a s i g n i f i c a n t  i n c r e a s e  i n  th e  s u p e r n a t a n t  
a c id  RNase on f e e d in g  a V'F-DAB d i e t ,  h o w ev er ,  th e  r i s e  
was n o t  a s  g r o a t  a s  a n t i c i p a t e d  from  th e  r e s u l t s  o f  Nodes 
and R e i i  (1 9 6V). T h is  may w e l l  be a s t r a i n  d i f f e r e n c e  
be tw een  th e  U n i v e r s i t y  o f  S u r r e y  hooded r a t s  and th e  
C h e s te r  B e a t t y  a lb i n o  r a t s .  There i s  some e v id e n c e  f o r  
an i n c r e a s e  i n  th e  t o t a l  a c id  RNase o f  th e  hom ogenate  
w i th  V'F-DAB, b u t  t h i s  i s  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  
There i s  no e v id e n c e  f o r  any change i n  th e  'ly so s o m a l*  
component and t h e r e  was no s t a t i s t i c a l l y  s i g n i f i c a n t  
i n c r e a s e  i n  t h e  s u p e r n a t a n t  a c i d  p h o s p h a ta s e  a s  t h e r e  
was w i th  a c i d  RNase.
A ctinom ycin  D c au se d  m ost u n e x p e c te d  ch anges  i n  th e  
enzyme a c t i v i t i e s  and th o  r e s u l t s  gave l i t t l e  i n d i c a t i o n  
o f  th e  o r i g i n  o f  th e  a c id  RNase a p p e a r in g  i n  th o  s u p e r ­
n a t a n t  w i th  azo -d y e  f e e d i n g .  W ith a c t in o m y c in  t r e a t m e n t ,
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t h e r e  was a s i g n i f i c a n t  i n c r e a s e  i n  th e  s u p e iv ia ta n t  a c id  
RNase; t h i s  i n c r e a s o  was g r e a t e r  when a c t in o m y c in  D was 
g iv e n  i n  c h ro n ic  r a t h e r  th a n  a c u te  d o se s  and when g iv e n  
t o  if  ’F--DAB-fed r a t s .  Aciita d o se s  gave a s l i g h t  i n c r e a s e  
i n  t o t a l  hom ogenate  a c t i v i t y ,  h u t  o n ly  when c h ro n ic  
d o se s  were g iv e n  to  r a t s  f e d  f o r ' 17 days on th e  lf fF-DAB 
d i e t  was t h e r e  any s i g n i f i c a n t  f a l l  i n  th e  ’ly so so m a l*  
a c id  RNase. Lysosom al b reakdow n , a s  ju d g e d  b y  th e  
s u p e r n a t a n t  a c i d  p h o s p h a t a s e ,  happ en ed  o n ly  w i th  c h ro n ic  
a c t in o m y c in  D t r e a tm e n t  and was m ost marked a f t e r  17 days  
on th e  V’F-DAB d i e t .
S u p e r n a ta n t  a l k a l i n e  RNase was a l s o  a s s a y e d ,  b u t  
th e  r e s u l t s  ( n o t  sh o rn )  showed no c o n s i s t e n t  p a t t e r n .  
E l - A a s e r  (1965) p r e v i o u s l y  fo u n d  an i n c r e a s o  i n  t h e  s u p e r ­
n a t a n t  a l k a l i n e  RNase w i th  a c u te  b u t  n o t  c h r o n ic  i n j e c t i o n s  
o f  a c t in o m y c in  D; h o w ever ,  h i s  r e s u l t s  were a l s o  from  a 
l i m i t e d  number o f  e x p e r im e n ts  and may n o t  bo s t a t i s t i c a l l y  
s i g n i f i c a n t  i n  a l l  th e  g ro u p s  o f  t e s t  a n im a ls .
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CHAPTER S I X ; SUPPLEMENTARY STUDIES
1 R ib o n u c le a s e s  o f  R a t L iv e r  N u c le i
Most o f  th o  work p r e s e n t e d  i n  t h i s  t h o s i s  c o n c e rn s  
th e  r i b o n u c l e a s e s  fo u nd  i n  th e  c y to p la s m  o f  r a t  l i v e r .
The r i b o n u c l o a s o s  o f  p u r i f i e d  n u c l e i  have b e en  e x t e n s i v e l y  
i n v e s t i g a t e d  b y  o t h e r  members o f  t h i s  l a b o r a t o r y  i n  c lo s e  
c o - o p e r a t i o n  w i th  S i e b e r t ’ s g ro u p .  Much o f  t h i s  work h a s  
be en  d e s c r i b e d  i n  th e  I n t r o d u c t i o n .  A j o i n t  p u b l i c a t i o n  
w i th  S i e b o r t ’ s group  (R e id  e t  a l . , 196^ )  gave pH a c t i v i t y  
c u rv e s  f o r  th e  RNase i n  e x t r a c t s  o f  b o th  aqueous and n o n -  
aqueous n u c l e i  p r e p a r a t i o n s .  B o th  p r e p a r a t i o n s  showed a 
peak, o f  a c id  a c t i v i t y  (pH 5 .7  -  6 .0 )  and a l k a l i n e  a c t i v i t y  
(pH 8 .2  -  8 .5 )*  S u b seq u e n t  s t u d i e s  by  S i e b e r t ’ s g roup  
( S i c b o r t  e t  a l . , 1966 , G i a n n i t s i s  e t  a l . . 1967) r e p o r t e d  
a s i n g l e  p eak  o f  n u c l e a r  r i b o n u c l e a s e  a c t i v i t y  h a v in g  an 
optimum a c t i v i t y  a t  pH 7*5} and made no m en t io n  o f  any 
peak  o f  a c t i v i t y  a t  an a c i d  pH. S i e b e r t  ( p e r s o n a l  
com m unica tion  t o  E . R e id ,  1969) c o n f irm e d  t h a t  ho c o u ld  
n o t  f i n d  any e v id e n c e  o f  a pH optimum on th e  a c i d  s id e  o f  
n e u t r a l i t y .
As a p r e l i m i n a r y  e x p e r im e n t  t o  i n v e s t i g a t e  t h i s  
d i s c r e p a n c y  i n  th e  f i n d i n g s  b e tw ee n  th e  two g r o u p s ,  a 
p r e p a r a t i o n  o f  aqueous r a t  l i v e r  n u c l e i ,  p r e p a r e d  b y  th e  
’ aqueous* method o f  Chauveau e t  a l . ( 1 9 5 6 ) ,  was sc an n ed  
f o r  r i b o n u c l e a s e  a c t i v i t y  a t  v a r i o u s  pH v a l u e s .  N u c le i  
from  th e  p r e c a n c e r o u s  l i v e r  o f  r a t s  f e d  on a d i e t  c o n t a i n ­
in g  e t h i o n i n e  were a l s o  i n v e s t i g a t e d .  P r o t e i n ,  DNA and 
a c i d  p h o s p h a ta s e  a c t i v i t y  wore m easured  i n  b o th
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p r e p a r a t i o n s .  Tho r e s u l t s  o b t a in e d  a re  shown i n  F ig u r e  
6 . 1 .
The r e s u l t s  show t h a t ,  a t  l e a s t  w i th  th e  a s s a y  
c o n d i t i o n s  u s e d ,  t h e r e  a r e  two pH op tim a  f o r  'RNase 
a c t i v i t y  i n  aqueous p r e p a r a t i o n s  o f  r a t  l i v e r  n u c l e i .
Tho low  a c t i v i t y  o f  a c id  p h o s p h a ta s e  i n  th e  n u c l e a r  
f r a c t i o n  i n d i c a t e s  t h a t  t h e r e  i s  l i t t l e  c o n ta m in a t io n  by  
ly so so m e s ,  and i t  t h e r e f o r e  seems u n l i k e l y  t h a t  t h e  a c i d  
RNase a c t i v i t y  can  be duo t o  t h e  ly so so m a l  enzyme.
N u c le a r  a l k a l i n e  RNase a c t i v i t y ,  e x p r e s s e d  a s  a c t i v i t y  
p e r  g n u c l e a r  p r o t e i n ,  re m a in s  u n a l t e r e d  b y  e t h i o n i n e  
f e e d i n g ,  w h i l s t  th e  a c t i v i t y  a t  pH 5*0- i s  i n c r e a s e d  some 
3 0 fj o ver  t h a t  i n  n u c l e i  from  n o rm a l  t i s s u e .
I t  was c o n s id e r e d  t h a t  th e  d i s c r e p a n c y  b e tw ee n  th o  
two g ro u p s  o f  w o rk e rs  c o n c e rn in g  th e  p r e s e n c e  o r  a b sen c e  
o f  a peak  o f  a c i d  RNase a c t i v i t y  i n  th e  n u c l e i  c o u ld  m ost 
p r o b a b ly  be e x p la in e d  by  d i f f e r e n c e s  i n  th o  a s s a y  c o n d i t i o n s .  
No f u r t h e r  i n v e s t i g a t i o n  o f  t h i s  p ro b le m , a s  f a r  a s  i t  
a f f e c t s  n u c l e i ,  was u n d e r t a k e n  i n  .the  p r e s e n t  s tu d y .
However, i n  t h e  n e x t  s e c t i o n ,  s u p e r n a t a n t  f r a c t i o n ,  w hich  
h a s  a l s o  b e en  shown t o  c o n ta in  b o th  a c i d  and a l k a l i n e  
RNase a c t i v i t i e s ,  was scanned  a t  d i f f e r e n t  pH v a lu e s  
u s in g  d i f f e r e n t  m o le c u la r  w e ig h t  s u b s t r a t e s .  I t  was 
shown t h a t ,  when a l a r g e  m o le c u la r  w e ig h t  s u b s t r a t e  was 
u s e d ,  o n ly  one p e ak  o f  RNase a c t i v i t y  was e v i d e n t ,  th e  
a c id  a c t i v i t y  b e in g  v e r y  r e d u c e d .  I t  i s  s i g n i f i c a n t  
t h a t ,  i n  th e  pH a c t i v i t y  sc an  on n u c l e i  p r e s e n t e d  h e r e ,  
th e  s u b s t r a t e  u se d  was low m o le c u la r  w e ig h t  y e a s t  RNA
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Legend to  F igure  6 .1
RNase. p H - a c t iv i t y  p l o t  fo r  aqueous n u c l e i  a r e n a r a t io nft
N u c le i  wore prepared by tho method o f  Chauveau e t  al .  
(1956) and re  suspended in  0 .2 5  M su croso  c o n ta in in g
so th a t  1 £ o r i g i n a l  l i v o r  gave 1 ml n u c le a r  
su sp en s io n .
x  x  n u c l e i  from normal l i v e r
o — — o n u c l e i  from l i v e r s  o f  r a t s  f e d  on a standard
d i e t  c o n ta in in g  0 .2 5 $  D L -e th io n in e .
Ribonuclea.se a ssa y s  were performed i n  the p resen ce  
o f  pCMB. The s u b s tr a te  was y e a s t  RNA ( 0 .1  mg/ml f i n a l
c o n c .)  and the r e a c t io n  was stopped w ith  10$ PCA and
u ran y l a c e t a t e  as in  the standard a ssa y  p roced u re .
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Figure 6« 1
(average  c h a in - le n g th  s i z e  12 n u c l e o t i d e s ) , w h ile  th a t  
r o u t i n e ly  used  by the  S ie b e r t  group, a t  l e a s t  i n  t h e i r  
more r e c e n t  s t u d i o s ,  was o f  a h ig h er  m olecu lar  w e ig h t  
(Boohringer tRNA y e a s t ) .
Subsequent to  t h i s  exp er im en t, West ( 1 9 7 0 ) ,  i n  t h i s  
la b o r a to r y ,  has performed a comprehensive stu d y  o f  the  
a ssa y  te c h n iq u e s  used  in  the  two l a b o r a t o r i e s  and has  
been ab le  to  e x p la in  tho apparent d i s c r e p a n c ie s ,  w ith  
regard  to  the  p resen ce  o f  the  a c id  RNase pH optimum, as  
the combined e f f e c t  o f  a number o f  v a r ia b le s  in  the two assay  
p ro ced u res . H is r e s u l t s  are d i s c u s s e d  l a t e r .
2 R ib o n u c lo a ses  o f  tho Supernatant F r a c t io n
Rat l i v e r  su pern atant RNase h as  been assayed  a t  a 
v a r i e t y  o f  pH v a lu e s  a g a in s t  th ree  RNA s u b s t r a t e s ,  nam ely,  
y e a s t  RNA, having  a moan ch a in  le n g th  o f  12 o l ig o n u c le o ­
t i d e s ,  r a t  l i v e r  ribosoma.1 RNA and n o n -sed im en ta b le  ( i . e . ,  
s o lu b le  or t r a n s f e r )  r a t  l i v e r  RNA* S u b s tra te  c o n c e n tr ­
a t io n  was 0 .2  mg in  a 1 ml in c u b a t io n  medium. Assays  
were perform ed in  the p resen ce  o f  pCMB and the r e a c t io n  
was stopped w ith  PCA and u ra n y l  a c e t a t e ,  as i n  the  
standard a s s a y  procedure used  throughout t h i s  s tu d y .
The p H - a c t iv i t y  p l o t s  are shorn in  F igu re  6 . 2 .
I f  the  r a te  o f  h y d r o ly s i s  o f  the i n t e r n u c le o t id o  
bonds o f  an RNA m olecu le  by an end on u clease  i s  c o n s ta n t  
i r r e s p e c t i v e  o f  the  m olecu lar  w e ig h t  o f  the  s u b s t r a t e ,  
then  sm all a c id - s o lu b le  m onon ucleotides  or o l ig o n u c le o ­
t i d e s  w i l l  be produced more r a p id ly  from the low er  
m olecu lar  w e ig h t  s u b s t r a t e ,  and so a g r e a te r  a c t i v i t y
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Figure 6 .2
RNase pH-aotivity ourves for rat liv e r  supernatant fraction  
using different su”bstrates.
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w i l l  bo rocordod w ith  t h i s  s u d s t r a t e .  Indeed , F igure  
6 .2  shows th a t  tho a c id  RNase a c t i v i t y  a t  pH 5 «6 i s  
measured as "being some fo u r  t im es  g r e a te r  a g a in s t  low  
m olecu lar  w e ig h t  y e a s t  RNA than a g a in s t  a su b s tr a te  o f  
more than .150 n u c le o t id e s  i n  ch a in  le n g th  ( s e e  Chapter 
t h r e e ) ,  a lth o u gh  the r ib o som al RNA su b s tr a te  showed no 
ev id en ce  o f  a peak a t  pH 5*6* I’he a lk a l in e  RNase 
a c t i v i t y  i s ,  how ever, o n ly  15$ g r e a te r  a g a in s t  the sm all  
s u b s t r a t e .  Although th o se  r e s u l t s  may bo e x p la in e d  in  
oth er  ways, the most probab le  e x p la n a t io n  i s  t h a t ,  w h ile  
tho a c id  en zym e^  a c t i v i t y ,  regarded as the number o f  
in t e r n u c le o t id e  bonds h y d r o ly s e d ,  may n o t  vary  w ith  tho  
m olecu lar  w e igh t  o f  the s u b s t r a t e ,  the su pern atan t a lk a l in e  
RNase a t ta c k s  h ig h  m olecu lar  w e ig h t  RNA more r e a d i l y  than  
does the a c id  enzyme*
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CHAPTER SEVEN; GENERAL DISCUSSION
1 Sucroso I n h ib i t i o n  o f  Enzvme A c t i v i t i e s
The mechanism o f  su crose  i n t e r f e r e n c e  i n  enzyme a s s a y s  
i s  a m atter f o r  c o n je c t u r e ,  th e r e  b e in g ,  as y e t ,  l i t t l e  
ex p er im en ta l e v id e n c e .  V arious p o s s i b i l i t i e s  have been  
d is c u s s e d  by H in ton , Burge and Hartman (1 9 6 9 ) .  'The 
i n h i b i t i o n  o f  u r ic a s o  by su crose  has been confirm ed by  
Townsend and Lata ( 1 9 6 9 ) and th e se  workers have a l s o  
shorn a s i m i la r ,  l i n e a r  and r e v e r s i b l e  i n h i b i t i o n  o f  t h i s  
enzyme by g l y c e r o l .  S ince  both  su crose  and g l y c e r o l  g iv e  
v i s c o u s  s o l u t i o n s ,  and s in c e  the i n h i b i t i o n  was n o t  due to  
d e n a tu ra t io n  o f  the enzyme as i t  was c o m p le te ly  r e c o v e r e d  
when tho su crose  or g l y c e r o l  was d i lu t e d  o u t ,  i t  was 
co n s id ered  th a t  tho v i s c o s i t y  o f  the  in c u b a t io n  medium 
was a t  l e a s t  p a r t l y  r e s p o n s ib le  f o r  the observed  i n h i b i t i o n .  
Tho i n i t i a l  form a tion  o f  en zy m e-su b stra te  complex may be 
d i f f u s i o n - c o n t r o l l e d  (.Alberty and Hammos, 1958) and, 
s in c e  the  S to k e s -E in s t e in  e q u a t io n  i n d i c a t e s  th a t  the  
r a te  o f  d i f f u s i o n  i s  dependent on the  r a d iu s  o f  tho  
d i f f u s i o n  m olecu le  and tho v i s c o s i t y  o f  the  medium, the  
h ig h  v i s c o s i t y  o f  su crose  and g l y c e r o l  cou ld  reduce the  
r a te  o f  s u b s tr a te  b in d in g  t o ,  and d ep a r t in g  o f  product  
from , the a c t i v e  s i t e .  However, B lack  (1970) and 
S i n c l a i r  ( 1 9 7 1 ) ,  in  t h i s  departm ent, showed th a t  F i c o l l  
d id  n o t  have an i n h ib i t o r y  e f f e c t ,  oven though tho  
v i s c o s i t y  was g r e a te r  than s u c r o se .
/m a l t e r n a t i v e  h y p o th e s is  i s  .th a t hydrogen bonding  
o f  the enzyme w ith  the sucroso  cou ld  p o s s i b l y  le a d  to
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con fo rm a tio n a l changes. Indeed , C lem ent-M etral and 
Yon (1968) dem onstrated tho i n h i b i t i o n  o f  t r y p t i c  
p r o t e o l y s i s  o f  y ^ - la c t o g lo b u l in  A by su crose  and some 
oth er  sugars r e s u l t i n g  from a. con form a tion a l change in  
the  su b s tr a te  p r o te in  which forms some stron g  s t a b i l i s i n g  
in tr a m o le c u la r  i n t e r a c t io n s  w ith  the sugar.
The ’a l t e r n a t i v e  h y p o t h e s i s 1 a l s o  e x p la in s  why low  
m olecu lar  w e igh t  carb ohydrates  i n h i b i t ,  w h ile  F i c o l l  and 
doxtran  do n o t ,  s in c e  tho l a t t e r  are too  b ig  to  bond to  
the enzyme f s h y d ra t io n  s p h e r e ,
2 Tho P r e c ip i t a n t s  Commonly Used i n  RNase Assays
The s e r i e s  o f  exper im en ts  p r e sen ted  in  t h i s  t h e s i s ,  
concern ing  the e f f e c t  o f  p r e c i p i t a n t s  commonly used  in  
RNase a s s a y s ,  w ith  regard  to  the me.an s i z e  and the q u a n t i ty  
o f  o l ig o n u c l e o t i d e s  rem aining in  s o lu t io n  a f t e r  trea tm en t  
w ith  tho p r e c i p i t a n t s ,  i l l u s t r a t e s  how the wide range o f  
p r e c i p i t a t i n g  c o n d it io n s  th a t  has boon used  i n  the  
l i t e r a t u r e  has l e d  td  r e p o r t s  o f  w id e ly  d i f f e r i n g  r ib o -  
n u c le a se  a c t i v i t i e s  a s s o c ia t e d  w ith  s im i la r  t i s s u e s ,  
and s u b c e l lu la r  f r a c t i o n s .  The d e s ir a b le  p r o p e r t i e s  
o f  a p r e c i p i t a n t  fo r  use  i n  a g e n e r a l  RNase a s s a y  have  
been d is c u s s e d  p r e v io u s ly .  Under the p a r t i c u la r  
a ssa y  c o n d i t io n s  used  in  t h i s  s tu d y ,  the p r e c e i p i t a n t s  
g iv in g  the most c l e a r l y  d e f in e d  ’c u t - o f f 1 , w ith  regard  
to  the ch a in  le n g th  o f  the o l ig o n u c l e o t i d e s  rem aining i n  
s o l u t i o n ,  were 10$ PCA p lu s  u ra n y l a c e ta t e  and the  La/Mg/ 
e th a n o l  p r e c i p i t a t i n g  r e a g e n t  o f  Ambellan and H ollan d er  
(1966 , b ) .
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Tho exp erim en ts  a l s o  sorvod to  show how sm all was 
tho moan ch a in  l e n g th  o f  tho y e a s t  RNA p r e p a r a t io n  used  
as tho standard s u b s tr a te  in  RNase a ss a y s  throughout t h i s  
work. Some workers have observed  a time la g  b e fo r e  the  
appearance o f  n o n - p r e c ip i t a b lo  RNA d eg ra d a tio n  p rod u cts  
when u s in g  a h ig h  m olecu lar  w e igh t RNA as su b s tr a te  
( e . g . ,  Zimmerman and Sandeen, 1 9 6 5 ) .  Tho v e r y  much 
sm aller  s i z e  o f  tho y e a s t  RNA su b s tr a te  used  in  the  
p r e se n t  stu d y  e x p la in s  why no such la g  was observed  in  
tho RNase a c t i v i t y  a g a in s t  time curve shorn i n  tho 
M a te r ia ls  and Methods s e c t i o n .
The p r e se n t  r e s u l t s  show th a t  the PCA and u ra n y l  
a c e t a t e  p r e c i p i t a n t  has a ’ c u t - o f f 1 p o in t  betw een o l i g o ­
n u c le o t id e s  o f  throe  and fo u r  n u c l e o t id e s .  .An e x h a u s t iv e  
d i g e s t i o n  o f  RNA by bov in e  p a n c r e a t ic  RNase would be 
ex p ected  to  g iv e  a m ixture o f  p rod u cts  in c lu d in g  mono-, 
d i -  and t r i n u c l e o t i d e s ,  which are n o t  r e a d i l y  p r o c ip i -  
t a b l e .  However, Heppel and Hilmoo (1955) have a ssa y ed  
sp le e n  p h o sp h o d ie s te r a s e ,  and Hilmoe ( i 960  and 1961)  
assayed  r a t  l i v e r  p h o sp h o d ie s te r a se  u s in g  ’ c o r e ’ RNA as 
s u b s t r a t e ,  and measured the a c id  s o lu b le  p ro d u cts  a f t e r  
p r e c i p i t a t i o n  w ith  PCA and 'u ran y l a c e t a t e .  Hilmoe 
( I9 6 0 )  r ep o r ted  th a t  unhydrolysed  s u b s tr a te  was r e a d i l y  
p r e c i p i t a t e d  w ith  PCA and u ra n y l  a c e t a t e .
Two p r e p a r a t io n s  o f  ’ c o r e ’ RNA were c o n s id e r e d  in  
the p r e se n t  s tu d y , one prepared i n  t h i s  la b o r a to r y  and 
one prepared com m erc ia lly , u s in g  tho method o f  Hilmoe
( I 9 6 0 ) .  The d i f f e r e n c e  in  the  average c h a in  le n g t h
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and tho p r e c i p i t a b i l i t y  o f  tho tx o^ ’ c o r e ’ RNA, samples  
throws doubt on tho v a l i d i t y  o f  u s in g  ’c o r e ’ RNA as a 
su b s tr a te  i n  c o n v e n t io n a l  RNase and p h o sp h o d ie s te r a se  
a s s a y s .
During tho r e l a t i v e l y  lon g  d i g e s t i o n  p e r io d  n e c e s s a r y  
fo r  the p r e p a r a t io n  o f  ? c o r e ’ RNA, i t  appears t h a t  Hilmoe
(1960) made no attem pt to  p rev en t  b a c t e r i a l  a c t i v i t y ,  so
i t  i s  p o s s i b l e  th a t  the  r e s u l t a n t  ’ c o r e 1 may have c o n ta in e d  
a h ig h  con tam in ation  o f  b a c t e r i a l  RNA. Another ex p la n ­
a t io n  f o r  tho d iscr ep a n c y  i n  p r e c i p i t a b i l i t y  betw een  
H ilm oe’ s and the a u th o r ’ s p r e p a r a t io n  o f  ’ c o r e ’ RNA 
cou ld  be th a t  the d i g e s t i o n  may n o t  have been com plete  
and th a t  the mean cha in  l e n g th  was thus g r e a t e r  in  
H ilm oe’ s p r e p a r a t io n s .  I t  i s  probab ly  s i g n i f i c a n t  th a t  
when Nodes (196*0 prepared ‘c o r e ’ RNA u s in g  H ilm oe’ s 
method in  a e ro b ic  c o n d it io n s  he d e sc r ib e d  h i s  p r e p a r a t io n  
as a ’g r e y is h  w h ite  powder’ . That prepared by the  
author was w h ite .
Even under more c l o s e l y  c o n t r o l l e d  c o n d i t io n s ,  the  
mean cha in  le n g th  o f  ’ c o r e ’ RNA i s  somewhat v a r i a b l e .
That produced in  the la b o r a to r y  u s in g  H ilm oe’ s p ro ced u re ,  
b ut under anaerob ic  c o n d i t io n s  to  reduce b a c t e r i a l  
a c t i v i t y ,  gave ’c o r e ’ RNA. w ith  a mean ch a in  l e n g t h  o f  
N.6 n u c l e o t i d e s .  Knowing the mode o f  a c t io n  o f  b ov in e  
p a n c r e a t ic  RNase, o th er  workers have p r e v io u s ly  
t h e o r e t i c a l l y  c a lc u la t e d  th a t  ’ c o r e ’ RNA should  have a 
mean chain  le n g th  o f  about Li- n u c l e o t i d e s ,  e . g . ,  F i e r s
(1 9 6 1 ) .  The base  co m p o sit io n  o f  the  o r i g i n a l  RNA sample
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w i l l  have some e f f e c t ,  but the moan cha in  l e n g t h  should  
n o t  v a ry  v e r y  much from the t h e o r e t i c a l  f ig u r e  o f  N n u c le o ­
t i d e s .  F resh  commercial ’ c o r e 1 RNA from the Sigma 
Chemical C o .,  a l s o  prepared a f t e r  the procedure o f  H ilm oe, 
but presum ably w ith  some ad ap tion  f o r  the p r e v e n t io n  o f  
b a c t e r i a l  growth, co n ta in ed  a v e r y  h ig h  p r o p o r t io n  o f  
m o n o n u c leo t id es ,  tho mean ch a in  le n g th  b e in g  2 .2  n u c le o ­
t i d e s .  Sigma do n o t  p u b l i s h  a moan m olecu lar  w e ig h t  
v a lu e  fo r  t h e i r  ’ c o r e 1 RNA, so i t  i s  d i f f i c u l t  to  determ ine  
the r ea so n  f o r  t h i s  d is c r e p a n c y .  I t  would seem t h a t ,  a t  
l e a s t  in  the  p r e p a r a t io n  o f  t h i s  b a tch  o f  m a t e r ia l ,  
th ere  was n u c l o o l y t i c  a c t i v i t y  p r e s e n t  i n  a d d i t io n  to  
th a t  o f  p a n c r e a t ic  RNase. RNase i s  f r e q u e n t ly  a 
contam inant in  commercial RNA p r e p a r a t io n s  (R oth, 1967)  
and, a lthou gh  tho amount o f  RNase p r e se n t  may be v e r y  lo w ,  
most RNases have a f a i r l y  h ig h  s p e c i f i c  a c t i v i t y ;  in  a 
lon g  in c u b a t io n  p e r io d  such as th a t  used  in  the p rep ar­
a t io n  o f  ’ c o r e 1 RNA i t s  p resen ce  cou ld  bo d i s a s t r o u s .
The ’ c o r e 1 RNA produced in  the  la b o r a to r y  was from  
commercial y e a s t  RNA which had been r e p u r i f i e d  by  
e x t r a c t in g  th r e e  t im es w ith  phenol fo l lo w e d  by trea tm en t  
w ith  e th a n o l .  No in h e r e n t  RNase a c t i v i t y  was d e te c t e d  
i n  t h i s  p r e p a r a t io n ,  even when a 36  hr an aerob ic  in c u b a t io n  
p e r io d  was u sed .
The exp er im en ts  d e sc r ib e d  i n  t h i s  t h e s i s  a l s o  serv e  
to  i l l u s t r a t e  some o f  the p o s s i b l e  in a d e q u a c ie s  o f  the  
standard type o f  RNase a s s a y s .  For i n s t a n c e ,  when RNase 
a c t i v i t y  i s  measured a g a in s t  a h ig h  m olecu lar  w e igh t
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s u b s t r a t e ,  the enzyme a c t i v i t y  i s  o n ly  e v id e n t  when v e ry  
sm all o l ig o n u c l e o t i d e s  o f ,  sa y , l o s s  than ' f iv e  n u c lo o t id p s  
in  le n g th  are produced as end p r o d u c ts .  The measure­
ment o f  a c t i v i t y  as the  amount o f  sm all d eg ra d a tio n  
p rod u cts  produced i s  n o t  n e c e s s a r i l y  p r o p o r t io n a l  to  the  
number o f  in t e r n u c le o t id e  bonds h y d r o ly se d .  H ence, an 
RNase, which a t ta c k s  bonds in  the middle o f  an RNA c h a in ,  
may appear l o s s  a c t iv e  than an RNase which r e l e a s e s  sm all  
o l ig o n u c l e o t i d e s  from the ends o f  an RNA m o lec u le .  
Furtherm ore, should the enzyme e x h i b i t  some base  s p e c i f i c ­
i t y  or o n ly  produce la r g e r  o l ig o n u c l e o t i d e s  as end 
p r o d u c ts ,  the apparent a c t i v i t y  would appear l im i t e d  or 
even go u n n o t ic e d .  For in s t a n c e ,  , c o r e ! RNA ( s e e  above)  
has a t h e o r e t i c a l  mean ch a in  le n g th  o f  about \  n u c le o ­
t i d e s  ( F ie r s ,  1961) hence some o f  the end p rod u cts  o f  
d i g e s t i o n  w ith  t h i s  enzyme, p a r t i c u l a r l y  th ose  h av in g  a 
chain  le n g th  g r e a te r  than b ,  w i l l  be p r e c i p i t a t e d  even  
a f t e r  e x h a u s t iv e  d i g e s t i o n .
No s t u d ie s  have been r e p o r te d  011 the  mode o f  a t t a c k  
o f  r a t  l i v e r  RNases on RNA, a lth ou gh  th e re  i s  some 
e v id en ce  th a t  the a lk a l in e  RNase p r e f e r e n t i a l l y  a t ta c k s  
la r g e r  RNA m o lec u les  than does the a c id  enzyme (S te v e n s  
and R e id , 1956) (a u th o r ’ s r e s u l t s .  Chapter s i x ) .  I t  
would c e r t a i n l y  be worth w h ile  as a c o n t in u a t io n  o f  the  
p r e se n t  stu d y  to  t r y  and determ ine the  s i z e  o f  o l i g o ­
n u c le o t id e s  f i r s t  appearing when p u r i f i e d  t i s s u e  f r a c t i o n s  
are in cu b a ted  fo r  sh o rt  p e r io d s  w ith  h ig h  m olecu lar  w e ig h t  
RNA. Some method must bo d e v is e d  to  stop  the  enzymic
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r e a c t io n  w ith o u t  p r e c i p i t a t i n g  the la r g e  RNA m o lec u les  and 
la rg o  h y d r o ly s i s  p r o d u c ts .  I f  the p r o t e in  in  the sample 
was m o st ly  s o lu b le  i t  may be p o s s i b l e  to  add the sample/RNA 
m ix tu re , a f t e r  a sh o r t  in c u b a t io n ,  d i r e c t l y  to  a Sephadex 
column o f  the  ap p rop ria te  grad e , in  the c o ld ,  and so 
o b ta in  a se p a r a t io n  o f  the p r o t e in  from the  RNA and RNA 
frag m en ts .  P re lim in a ry  s t u d ie s  in  t h i s  la b o r a to r y  by  
Prospero (p e r s o n a l  communication) have n o t  been v e r y  
s u c c e s s f u l  -  s in c e  i t  was d i f f i c u l t  to  o b ta in  a s e p a r a t io n  
o f  tho enzyme and s u b s tr a te  s u f f i c i e n t l y  r a p id ly .  
A l t e r n a t i v e l y ,  the  RNase a c t i v i t y  must bo in h ib i t e d ,  f o r  
exam ple, by the  a d d it io n  o f  d io th y lp y ro c a rb o n a te  (Weeks 
and Marcus, 1 9 6 9 ) ,  or s p e c i f i c  a lk a l in e  RNase i n h i b i t o r  
b e fo r e  tho m olecu lar  w e ig h t  se p a r a t io n  can be perform ed on 
the Sephadex column.
3 The P u r i f i c a t i o n  o f  Lvsosomos bv  Z onal .C e n t r i f u g a t i o n
Lysosomes r e p r e s e n t  a v e r y  sm all p r o p o r t io n  o f  tho c e l l  
p r o t e in .  The p a r t i c l e s  sedim ent a f t e r  the  m itoch on d ria  
bu t b e fo r e  tho microsomal m a te r ia l  and, s in c e  t h e i r  
i s o p y c n ic  d e n s i t y  i s  v e ry  c lo s e  to  t h a t  o f  m ito ch o n d r ia , . 
i f  the p a r t i c l e s  are to  be o b ta in ed  r e l a t i v e l y  f r e e  o f  
m itochondria  and m icrosom al m a t e r ia l ,  then  th e y  must be  
f i r s t  h a r v e s te d  during a r a te  z o n a l  c e n t r i f u g a t i o n  r a th e r  
than a f t e r  an i s o p y c n ic  d e n s i t y  c e n t r i f u g a t i o n .
The i n i t i a l  experim en ts  u s in g  an A X II z o n a l  r o to r  
to  f r a c t i o n a t e  whole homogenate showed t h a t  ly sosom es  
cou ld  be r e s o lv e d  from m icrosom es and m ito ch o n d r ia , b u t
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th e  r e s o l u t i o n  was n o t  good . One o f  th o  g r e a t e s t  p ro b lem s 
when u s in g  an A X II  z o n a l  r o t o r  f o r  th e  s e p a r a t i o n  o f  
s u b c e l l u l a r  p a r t i c l e s  h a v in g  th e  s i z e  ra n g e  c o v e re d  by  
th e  ly so so m es  and m ito c h o n d r ia  i s  th e  s low  speed  o f  th e  
r o t o r .  D uring  th e  c o u rs e  o f  t h i s  s tu d y ,  S c h u e l  o t  a l . 
(1968) p u b l i s h e d  a s e p a r a t i o n  o f  r a t  l i v e r  ly so so m es  
and m i to c h o n d r ia  i n  an j\ X I I  r o t o r  i n  w hich  t h e y  overcame 
t h i s  p ro b lem  by  u s in g  a lo n g  c e n t r i f u g a t i o n  tim e  o f  a b o u t  
5 h r .  U n f o r t u n a t e l y ,  t h e y  c e n t r i f u g e d  whole hom ogenate  
w i th o u t  an e a r l i e r  p e l l e t i n g  s t e p .  They o b ta in e d  a 
ly so so m a l  f r a c t i o n  w i th  a t y p i c a l  e n r ic h m e n t  o f  5-
A lso  u s in g  an A XII z o n a l  r o t o r ,  Rahman o t  a l . 0-967) 
f r a c t i o n a t e d  whole hom ogenate  and re s u s p e n d e d  p a r t i c u l a t e  
f r a c t i o n  on l i n e a r  g r a d i e n t s .  T h e ir  i n i t i a l  e x p e r im e n ts  
u s in g  c e n t r i f u g a t i o n  t im e s  up t o  2 h r  ( a t  ^-,000 r . p . m . )  
gave r e s u l t s  com parab le  t o  th o s e  p r e s e n t e d  i n  t h i s  t h e s i s ,  
e x c e p t  t h a t  t h e r e  was a g r e a t e r  s p re a d  o f  a c i d  p h o s p h a ta s e  
a c t i v i t y  a c r o s s  th e  g r a d i e n t  w hich p r o b a b ly  s p re a d  w e l l  
i n t o  th e  r e g i o n  o f  th e  m i to c h o n d r i a ,  a l th o u g h  m i t o c h o n d r i a l  
m arker enzyme a c t i v i t y  and p r o t e i n  wore n o t  m easu red .
This spread r e s u l t e d  from the use  o f  a l in e a r  g r a d ie n t  
and the lo n g e r  c e n t r i f u g a t io n  t im e .  In order to  improve 
the r a te  o f  se d im e n ta t io n  o f  the ly sosom es away from the  
s t a r t in g  zone and the  microsom al m a t e r ia l ,  Rahman e t  a l . « 
in  fu r th e r  ex p e r im en ts ,  used  a ’ s h o r t ’ l i n e a r  g r a d ie n t ,  
i n  which the  sample zone was d i s p la c e d  1 2 .5  cn1 from the  
a x i s  o f  c e n t r i f u g a t io n  by u s in g  a v e r y  la r g o  o v e r la y .
This served  to  in c r e a s e  tho g r a v i t a t io n a l  f o r c e  a t  th e
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sample zone and had tho addod acLvantago o f  condensing the  
sample i n t o  a narrower zo n e , which must have h e lp e d  to  
improve the r e s o l u t i o n ,  i n  th a t  the g r a v i t a t i o n a l  fo r c e  
a p p lie d  to  p a r t i c l e s  w ith in  the sample zone was more 
uniform . The sample was e i t h e r  whole homogenate or a 
re  suspended p e l l e t  from a 1 hr c e n t r i f u g a t io n  a t  1 0 5 ,0 0 0  g_, 
a lthou gh  a re  suspended m ito c h o n d r ia l / ly so s o m a l  p e l l e t  may 
have been p r e f e r a b le .  The z o n a l  c e n t r i f u g a t i o n  time was 
1 hr a t  ^ ,0 0 0  r . p . m . , and i t  seems u n l i k e l y  from the  
r e s u l t s  p r e se n te d  in  t h i s  t h e s i s  th a t  m itoch on d ria  would  
have reached  t h e i r  i s o p y c n ic  d e n s i t y ,  a lth ou gh  i t  i s  n o t  
p o s s ib l e  to  be c e r t a i n  o f  t h i s ,  s in c e  the  a u th o r ’ s 
graphs do n o t  show the d e n s i t y  g r a d ie n t .  Tho a c id  ph os­
ph atase  a c t i v i t y  was m o st ly  d i s t r i b u t e d  i n  a broad band 
peaking between tho peaks o f  tho m icrosomal and m itochond­
r i a l  m a t e r ia l .  Tho use o f  a l in e a r  g r a d ie n t  aga in  
r e s u l t e d  in  a spread o f  the ly so so m a l m a te r ia l  i n t o  tho  
r e g io n  o f  the m itoch on d ria .
Both Rahman o t  a l . ( 1 9 6 7 ) and Schuel o t  a l . ( 1 9 6 8 ) 
g e n e r a l ly  p l o t t e d  tho d i s t r i b u t i o n  o f  p r o t e in  and marker 
enzyme a c t i v i t i e s  in  each f r a c t i o n  a c r o ss  the g r a d ie n t ,  
bu t i n  some in s ta n c e s  th ey  have a l s o  p l o t t e d  a c id  ph os­
p h atase  a c t i v i t y  a c r o ss  the g r a d ie n t  e x p r e sse d  as s p e c i f i c  
a c t i v i t y .  Tho p r o t e in  c o n te n t  o f  tho ly so so m a l r e g io n  i s  
v e ry  sm all;  th a t  o f  the r e g io n s  b e fo r e  and a f t e r  tho  
ly so so m a l r e g io n  (namely the s o lu b le  and m icrosom al  
r e g io n  and the r e g io n  o f  the  m ito ch o n d r ia , n u c l e i  and 
aggregated  m a te r ia l )  i s  co m p a ra tiv e ly  h ig h ,  and the
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m a te r ia l  in  th o se  two r e g io n s  merge in t o  tho ly so so m a l  
r e g io n .  Hence, the a c id  phosphatase  s p e c i f i c  a c t i v i t y  
p l o t s  gave sharp peaks i n  the middle o f  the g r a d ie n t s .  
These p l o t s  are p a r t i c u l a r l y  d e c e p t iv e  s in c e  th e y  im ply  
th a t  the ly sosom es are r e s t r i c t e d  to  narrower hands 
than the t o t a l  a c t i v i t y  p l o t s  i n d i c a t e .  This i s  
p a r t i c u l a r l y  c o n fu s in g  s in c e  the m ito ch o n d r ia l  and m icro­
somal marker enzyme a c t i v i t i e s  were n o t  i l l u s t r a t e d  as  
s p e c i f i c  a c t i v i t y ,  h en c e ,  the  ’narrow 1 hand o f  ly sosom es  
appears to  he p r a c t i c a l l y  f r e e  o f  both  m itoch ondria  and 
m icrosom es. The p r o to in  c o n te n t  o f  the ly so so m a l r e g io n  
b e in g  low , i f  the main m icrosom al band were contam inated  
w ith  s o lu b le  p r o t e in ,  the s p e c i f i c  a c t i v i t y  o f  an endo­
p lasm ic  r e t ic u lu m  marker enzyme might even  show a minor 
peak in  tho ly so so m a l r e g io n  as a c o n s id e r a b le  p r o p o r t io n  
o f the p r o t e in  in  t h i s  r e g io n  i s  i n  . fa c t  m icrosom al.. 
Indeed , the o lec tron m icrogra p h s produced by Schuol o t  a l .
(1968) o f  the  ly so so m a l r e g io n  showed th e re  was c o n s id e r ­
ab le  c r o s s  co n ta m in a tion .
A h ig h  speed r o to r  was used  by C orbett ( 1 9 6 7 ) f o r  the  
p u r i f i c a t i o n  o f  lysosom es by r a te  zon a l c e n t r i f u g a t i o n  
(B XV r o to r  a t  2 0 ,0 0 0  r . p . m . ) .  C orbett u sed  a l i n e a r  
g r a d ie n t  from 17 - 55$ su crose  and ob ta in ed  th r ee  peaks o f  
marker enzyme a c t i v i t i e s  corresp ond ing  to  the m icrosom es,  
the ly sosom es and m itoch on d r ia . However, the r e s o l u t i o n  
was v e ry  poor and the r e s u l t s  were n o t  v e r y  r e p r o d u c ib le .  
This was most probab ly  b e c a u se ,  u s in g  t h i s  h ig h  speed and 
sh o rt  c e n t r i f u g a t io n  time o f  about 3 m in u te s ,  tho p r e c i s e
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c e n t r i f u g a t io n  c o n d it io n s  were d i f f i c u l t  to  c o n t r o l .
In a d d i t io n ,  l i n e a r  g r a d ie n t s  wore n o t  found to  be v e r y  
s a t i s f a c t o r y  fo r  the  s e p a r a t io n  o f  ly sosom es ( s e e  Chapter 
f o u r ) .  Lysosomes are o f  v a r ia b le  s i z e ,  d e n s i t y ,  shape 
and c o n t e n t s ,  and t h i s  h e t e r o g e n e i t y  i s  r e f l e c t e d  i n  the  
v e r y  wide range o f  s e d im e n ta t io n  c o e f f i c i e n t s .  H ence, a 
complex d e n s i t y  g r a d ie n t  i s  n e c e s s a r y  i f  the sm a ller  
ly sosom es are to  be sep a ra ted  from tho microsomes b e fo r e  
tho la r g e r  ly so som es reach  the  m ito ch on d r ia , which band 
i s o p y e n i c a l l y  a t  d e n s i t y  1 .1 8 .
W ithers e t  a l . ( 1 9 6 8 ) ,  who a l s o  used  a l i n e a r  su cro se  
g r a d ie n t ,  b u t in  a. B XIV r o t o r ,  c la im ed to  have o b ta in ed  
a ly so so m a l p r e p a r a t io n ,  e s s e n t i a l l y  f r e e  o f  m ito c h o n d r ia l  
and m icrosom al co n ta m in a t io n , by i s o p y c n ic  d e n s i t y  
c e n t r i f u g a t i o n  o f  a crude m ito c h o n d r ia l / ly s o s o m a l  f r a c t i o n .  
Lysosomal a c id  phosphatase  was found in  a broad band, 
peaking a t  d e n s i t y  1 .2 1  ( th e  i s o p y c n ic  d e n s i t y  fo r  l y s o ­
somes having  been r ep o r ted  by B eaufay  and B e r th e t  ( 1 9 6 3 ) 
to  be a t  d e n s i t y  1 . 2 2 ) .  There was a la r g e  p r o t e in  peak  
a t  d e n s i t y  1 .2 0 ,  which th e y  a t t r ib u t e d  to  ly so so m a l  
p r o t e in ,  s in c e  th ere  was no m ito ch o n d r ia l  marker enzyme 
a c t i v i t y  a t  t h i s  d e n s i t y  and v e r y  l i t t l e  m icrosom al  
marker a c t i v i t y .  They used  NADPH-specific cytochrome C 
r ed u c ta se  as a m itochondria  marker enzyme and t h i s  
enzyme showed a s in g le  peak o f  a c t i v i t y  a t  d e n s i t y  1 . 1 2 5 , 
which th e y  assumed to  be the i s o p y c n ic  d e n s i t y  o f  m ito ­
ch on d ria . Do Duve e t  a l . (1955) had p r e v io u s ly  shown 
th a t  t h i s  enzyme was o n ly  p a r t l y  l o c a t e d  in  tho m itoch on d r ia
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and t h a t  tho m ito ch o n d r ia l  e q u i l ib r iu m  d e n s i t y  was 1 . 1 9 ? 
hence tho p r o to in  poak a t  tho ond o f  tho g r a d ie n t  was 
alm ost c e r t a i n l y  predom inan tly  m ito ch o n d r ia l  and n o t  
ly so so m a l p r o t e in ,  and the  absence o f  NADPH-cytochrome C 
r ed u c ta se  was due to  damage by the h ig h  c o n c e n tr a t io n  o f  
su crose  or to  bad ex p er im en ta l  te c h n iq u e .  Furtherm ore,  
th e y  concluded th a t  the ’microsomes* had reached  t h e i r  
i s o p y c n ic  d e n s i t y  a t  1 . 1 2 5 ? and, s in c e  th e y  o n ly  used  a 
1 hr c e n t r i f u g a t i o n  time and used  a v e r y  sm a ll  o v e r la y  
which h a r d ly  d is p la c e d  the sample from the r o to r  c o r e ,  i t  
seems most u n l i k e l y  th a t  the  microsom al m a te r ia l  would  
have reached  i t s  i s o p y c n ic  d e n s i t y .
Brown (1963) d e sc r ib e d  a lysosom e p u r i f i c a t i o n  
procedure by which whole homogenate was c e n tr i f u g e d  through  
a F i c o l l  g r a d ie n t  in  a B XV r o to r  fo r  15 m inutes a t  1 0 ,0 0 0  
r .p .m . Acid p -n .p .p h o sp h a ta se  j u s t  moved i n t o  tho  
g r a d ie n t .  A fu r th e r  c e n t r i f u g a t io n  s to p ,  a p p a re n tly  
i s o p y c n ic ,  a ch iev ed  some e x tr a  p u r i f i c a t i o n  a lth ou gh  no  
f i g u r e s  are g iv e n  by which the  p r e p a r a t io n  can be jud ged .
The HS-type zo n a l r o t o r ,  a sm a l le r ,  f a s t e r  v e r s i o n  o f  
the A XII r o t o r ,  i s  p a r t i c u l a r l y  a p p rop r ia te  fo r  the  
i s o l a t i o n  o f  ly sosom es by r a te  se d im e n ta t io n .  The r o to r  
has a running speed and c a p a c i t y  in te r m e d ia te  betw een  
th a t  o f  the  A XII r o to r  and the B - s e r i o s  r o t o r s .  I t  i s  
capable  o f  d e v e lo p in g  a r e l a t i v e  c e n t r i f u g a l  fo r c e  o f  
1 3 ,0 0 0  £  a t  the edge o f  the r o t o r .  Tho r o to r  a l s o  has the  
added advantage t h a t ,  l i k e  the A XII r o t o r ,  i t s  c o n s t r u c t io n  
a l lo w s  bands o f  l i g h t - s c a t t e r i n g  m a te r ia l  -  such as
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m itochondria  -  t o  bo '■ observed  during c e n t r i f u g a t i o n .
Hence, the HS r o t o r ,  r a th e r  than a B -typo  r o t o r ,  was 
chosen fo r  the p r e s e n t  s tu d y .
A complex g r a d ie n t  was d es ig n ed  to  r e s t r i c t  the  
amount o f  ly so so m a l m a te r ia l  sed im enting  in t o  the m ito ­
c h o n d r ia l  r e g io n  during r a te  se d im e n ta t io n  c e n t r i f u g a t io n  
in  an HS r o t o r .  The t h e o r e t i c a l  r ea so n s  and tho 
ex p er im en ta l  s to p s  lo a d in g  to  t h i s  g r a d ie n t  d e s ig n  have  
been  d e sc r ib e d  e a r l i e r  (Chapter f o u r ) .  Tho g r a d ie n t  
and the chosen c e n t r i f u g a t io n  time were o p t im a l ,  hence  
to  o b ta in  b e t t e r  p u r i f i c a t i o n  f i g u r e s  o f  unm odified  
ly sosom es a fu r th e r  p u r i f i c a t i o n  procedure must be used  
a f t e r  tho r a t e  z o n a l  s e p a r a t io n .  The p u r i f i c a t i o n  o f  
a c id  phosphatase  in  the  f i v e  r e g io n s  i n t o  which f r a c t i o n s  
ob ta in ed  from the zo n a l g r a d ie n t  i n  a s e p a r a t io n  o f  
unm odified  ly sosom es wore grouped has boon shorn in  Table  
U .3 . In the ’ l i g h t 1 ly so so m a l r e g io n  the mean p u r i f i c a t i o n  
was about 16 t im e s .  When in d iv id u a l  f r a c t i o n s  were 
c o n s id er ed  on sep ara te  r u n s ,  even  h ig h er  f i g u r e s  were 
o b ta in ed . However, as the r e s u l t s  i n  Table *+.3 show, 
t h i s  r e g io n  a l s o  c o n ta in s  15$ o f  the g lu c o s e -6 -p h o s p h a ta s e  
a c t i v i t y  o f  the  s t a r t in g  f r a c t i o n  and t h i s  w i l l  
c o n tr ib u te  c o n s id e r a b ly  to  tho amount o f  m a te r ia l  p r e s e n t .
Tho i s o p y c n ic  d e n s i t y  o f  unm odified  ly so so m es  i s  
v e r y  c lo s e  to  th a t  o f  m ito ch o n d r ia , hence i s o p y c n ic  
d e n s i t y  c e n t r i f u g a t io n  o n ly  r a i s e d  the p u r i f i c a t i o n  by  
about 5 ° $ ,  g iv in g  a mean 2 0 -2 5  f o l d  p u r i f i c a t i o n  over  
the homogenate.
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Tho m orp h o lo g ica l  appearance o f  tho ’l i g h t 1 ly so so m a l  
r e g io n  confirm ed the h ig h  con tam in ation  by rough endo­
p la sm ic  r e t ic u lu m . E le c tr o n  m icroscopy a l s o  showed th a t  
tho ’h e a v y ’ ly so so m a l r e g io n  co n ta in ed  some m icrosomal 
m a te r ia l  and a c o n s id e r a b le  number o f  sw o lle n  ’g h o s t ’ 
m itoch on d r ia . The mean c o n ten t  o f  s u c c in ic  dehydro­
genase a c t i v i t y  i n  tho ’heavy' ly so so m a l r e g io n  was as  
much as 17$ o f  the sample a c t i v i t y  (Table V .3 ) .  S u c c in ic  
dehydrogenase i s  lo c a t e d  on the in n er  m ito ch o n d r ia l  
membrane, but most o f  tho m itochondria  shown in  the  
e lec tro n m icro g ra p h s  o f  the ly so so m a l r e g io n  had l o s t  most 
o f  t h e i r  i n t e r n a l  s t r u c t u r e .  This i s  c o n s i s t e n t  w ith  a 
r e s u l t  shown i n  F igure  *+.3? th a t  monoamine o x id a se  
a c t i v i t y ,  which i s  lo c a t e d  in  the outer  m ito c h o n d r ia l  
membrane, t r a i l s  fu r th e r  i n t o  the ly so so m a l r e g io n  than  
does the s u c c in ic  dehydrogenase.
From th e se  r e s u l t s  i t  must be concluded th a t  l y s o ­
somes ov er la p  o th er  c e l l  o r g a n e l l e s  so much in  t h e i r  s i z e  
and d e n s i t y  th a t  i t  i s  n o t  p o s s i b l e  to  se p a r a te  them 
c o m p le te ly  by c e n t r i f u g a t io n .  To o b ta in  c o m p le te ly  pure  
f r a c t i o n s ,  one must r e s o r t  t o  some o th er  p r o p e r ty  o f  th e  
p a r t i c l e s ,  such as su rfa ce  charge (Stahn o t  a l . ? 1970? 
1971)* This c o n c lu s io n  does n o t  im ply t h a t  z o n a l  r o t o r s  
are o f  no use  f o r  tho stu dy  o f  ly so so m e s ,  bu t m erely  t h a t  
the e x i s t e n c e  o f  contam inants i n  f r a c t i o n s  prepared  in  
t h i s  way must always bo borne in  mind. The r e s o lv in g  
power o f  z o n a l  r o to r s  i s  shown by t h e i r  a b i l i t y  to  
d i s t i n g u i s h  the h e tero g en eo u s  d i s t r i b u t i o n  o f  a c id
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h y d r o la s e  a c t i v i t y  w i t h in  th o  lysosom e p o p u l a t i o n .  T h is  
g e n e r a l  c o n c lu s io n  i s  i n  ag re em e n t w i th  t h a t  o f  B oau fay
( 1969)5 who c a l c u l a t o d  t h a t  i t  was n o t  p o s s i b l e  t o  o b t a i n  
ly so so m es  f r e e  o f  m i to c h o n d r ia  and m ic ro so m al m a t e r i a l  by  
c e n t r i f u g a t i o n  t e c h n iq u e s  a lo n e .
k  The F r a c t io n a t io n  o f  T r ito n  W R-1339-troatod Lvsosomos
and the H eterogeneous Nature o f  Lysosomes
A number o f  methods have been p u b lish e d  f o r  p u r i f y in g  
ly sosom es whose d e n s i t y  h as  been m o d if ied  by trea tm en t w ith  
T r ito n  WR-1339? fo r  exam ple, W attiaux e t  a l . (1 9 6 3 ) ,
Trouet (196^ ) ,  L eighton  e t  a l . ( 1 9 6 8 ) .  This tech n iq u e  
g i v e s  a f i n a l  f r a c t i o n  in  which the s p e c i f i c  a c t i v i t y  o f  
the a c id  h y d r o la s e s  has been in c r e a se d  up to  ?0 t im es  
th a t  o f  the homogenate. However, i t  should  be remembered 
th a t  the d e te r g e n t  w i l l  be p r e s e n t  o n ly  in  secondary  l y s o ­
somes. Any procedure in v o lv in g  i n j e c t i o n  o f  a f o r e i g n  
m a te r ia l  must r e s u l t  in  tho s e l e c t i o n  o f  one p o r t io n  o f  
the ly so so m a l p o p u la t io n .  T r ito n - tr e a tm e n t  was used  in  
the  p r e s e n t  s tu d y , n o t  as a means o f  p u r i f y in g  ly so so m e s ,  
but fo r  tho purpose o f  fu r th e r  i n v e s t i g a t i n g  the h e t e r o ­
geneous enzyme d i s t r i b u t i o n  found i n  u n tr e a te d  l i v e r .
W attiaux o t  a l .  (1963) showed th a t  the  d e n s i t y  o f  
r a t  l i v e r  ly soso m es was rem arkably d ecrea sed  by the  T r ito n  
WR-1339 tre a tm en t .  In tho e x p e r im en ts ,  such as th a t  
i l l u s t r a t e d  in  F igure *+.9a, when T r ito n  W R -1339-treated  
( 2 .5  g/Kg body w t . )  r a t  l i v e r  was f r a c t i o n a t e d  by z o n a l  
c e n t r i f u g a t i o n ,  the mean se d im e n ta t io n  r a te  o f  the l y s o ­
somes was about the same as t h a t  o f  the ly sosom es from
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u n tr e a te d  l i v e r .  This i s  probab ly  because  the  d ecrease  
i n  d e n s i t y  was o f f s e t  by an in c r e a s e  in  s i z e .  However, 
the a c id  p h o sp h a ta s e -r ic h  ly sosom es sed im entsd  more 
r a p id ly  than the a c id  R N aso-rich  ly so so m e s ,  the converse  
b e in g  true w ith  ly sosom es from u n tr e a te d  r a t s .  This  
resp on se  appears to  bo dose dependent, f o r  when low er  
d o ses  were u se d ,  th ere  was l i t t l e  change i n  the  sed im ent­
a t io n  p r o f i l e s  o f  the two ly so so m a l enzymes as compared 
w ith  u n tr e a te d  a n im a ls ,  and when Rahman e t  a l . (1967)  
used  sm aller  d o ses  (850 mg/Kg) th e y  r e p o r te d  th a t  the  
a c id  R N aso-rich  ly sosom es sedim entod f a s t e r  than the  
a c id  p h o sp h a ta s e -r ic h  o n e s ,  b u t the d is c r e p a n c y  betw een  
the a c id  RNase and a c id  phosphatase  d i s t r i b u t i o n  cu rves  
was n o t  as g r e a t  as th a t  found w ith  normal l i v e r .  In  
the p r e s e n t  experim en ts whore the ’l i g h t ’ and ’h e a v y ’ 
ly sosom es from a r a te  zo n a l se p a r a t io n  have been su bm itted  
to  i s o p y c n ic  d e n s i t y  s e p a r a t io n ,  i t  i s  e v id e n t  th a t  both  
tho a c id  RNase and the  a c id  phosphatase  p r o f i l e s  have  
been a f f e c t e d  by the T r ito n - tr e a tm e n t ; a g r e a te r  
p r o p o r t io n  o f  the a c id  R N aso-rich  ly so som es was found  
a t  the l i g h t  end o f  the g r a d ie n t  than  o f  th e  a c id  
p h o sp h a ta s e -r ic h  o n es .
L eigh ton  e t  a l . ( 1 9 6 8 ) ,  i n  t h e i r  z o n a l- ty p e  
se p a r a t io n  o f  ly sosom es and m itochondria  from T r ito n  WR- 
1 3 3 9 - t r e a t e d  r a t  l i v e r ,  o n ly  a ssayed  one ly so so m a l marker 
enzyme, nam ely, a c id  p h o sp h a ta se ,  and found t h a t  n o t  a l l  
o f  tho a c id  p h o sp h a ta se -c o n ta in in g  ly sosom es showed tho  
same change in  d e n s i t y  w ith  T r ito n - tr e a tm e n t .  There was
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a spread o f  a c id  phosphatase  t r i to s o m e s  from the major 
peak a t  i s o p y c n ic  d e n s i t y  1 .1 2  i n t o  the m ito ch o n d r ia l  
hand and o c c a s i o n a l l y  th e re  was a secondary  peak a t  
d e n s i t y  1 .2 1 ,  the d e n s i t y  o f  unm odified  ly so so m e s .  This  
i s  in  agreement w ith  the  p r e s e n t  r e s u l t s  (F igu re  **.9, b;  
Table * f .6 ) .  In tho p r e s e n t  ex p e r im en ts ,  th e r e  was a 
g r e a te r  r e c o v e r y  o f  u n a lte r e d  ly sosom es ( d e n s i t y  about  
1 .2 )  from the  more dense end o f  the r a te  se d im e n ta t io n  
g r a d ie n t ,  the lower d e n s i t y  tr i to s o m e s  n o t  having  
sedim ented t h i s  fa r  in t o  the  g r a d ie n t .  The band o f  
u n a lte r e d  ly sosom es probab ly  in c lu d e s  tho prim ary l y s o ­
somes.
The bim odal d i s t r i b u t i o n  o f  u r ic a s e  a c t i v i t y  i n  th e  
i s o p y c n ic  d e n s i t y  g r a d ie n t  run , shown i n  F igu re  *+.9? "b* 
was reduced to  a s in g le  band a t  d e n s i t y  1 .2 3  when the  
experim ent was r ep ea ted  u s in g  a lo n g e r  c e n t r i f u g a t i o n  
p e r io d .  U r ica se  i s  t i g h t l y  bound to  the  peroxisom e  
c o r e .  The most probable  e x p la n a t io n  i s  t h a t  i n  the  
T r ito n  WR-1339 experim ent (shown in  F igu re  lf-.9? t )  th e re  
was some d is r u p t io n  o f  the p ero x iso m es . Whole p e r o x i ­
somes had reached  t h e i r  i s o p y c n ic  d e n s i t y ,  b u t  the  sm a ller  
f r e e  p erox isom al c o re s  were s t i l l  s e d im c n t in g . B eaufay  
e t  a l . (1965-!-) have shown th a t  f r e e  peroxisom e c o r e s  have  
an i s o p y c n ic  d e n s i t y  s l i g h t l y  h ig h er  than whole p e r o x iso m e s ,  
hence th e y  were n o t  d e te c te d  when a lo n g e r  c e n t r i f u g a t i o n  
time was u se d . U n fo r tu n a te ly ,  th ere  was i n s u f f i c i e n t  
m a te r ia l  f o r  fu r th e r  enzyme a ss a y s  on the  p r e s e n t  i s o p y c n ic  
d e n s i t y  g r a d ie n t  exp erim en t, bu t i f  i t  had been p o s s i b l e
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t o  show an accom panying i n c r e a s e  i n  th e  l o v o l  o f  s o lu b le  
p e ro x is o m a l  enzymes r e l e a s e d  i n t o  th e  s o l u b l e  f r a c t i o n ,  
t h i s  would have  c o n f irm e d  t h i s  e x p la n a t io n *
L ysosomal h e t e r o g e n e i t y
P ro b a b ly  th e  m ost i n t e r e s t i n g  o b s e r v a t i o n  from  th e  
i n i t i a l  s e r i e s  o f  z o n a l  f r a c t i o n a t i o n  e x p e r im e n ts  i s  th e  
h e te r o g e n e o u s  d i s t r i b u t i o n  o f  th e  a c i d  h y d r o l a s e s ,  a c id  
p h o s p h a ta s e  and a c i d  RNase w i t h i n  th e  lysosom e p o p u l a t i o n ,  
th e  ly so so m a l  peak  o f  a c i d  RNase a c t i v i t y  s e d im e n t in g  
more r a p i d l y  t h a n  t h a t  o f  a c i d  p h o s p h a t a s e . S h o r t l y  
a f t e r  t h i s  work was c a r r i e d  o u t ,  Rahman and h e r  c o l l e a g u e s  
( 1967) p u b l i s h e d  a s i m i l a r  r e s o l u t i o n  o f  th e  two ly s o s o m a l  
enzym es. These r e s u l t s  c o u ld  be i n t e r p r e t e d  a s  showing 
s im p ly  h e t e r o g e n e i t y  i n  th e  d i s t r i b u t i o n  o f  th e  enzymes 
among th e  ly so so m e s  o r  th e  e x i s t e n c e  o f  two d i s t i n c t  
p o p u l a t i o n s .
E n z y m e -h is to c h o m ic a l  t e c h n iq u e s  f o r  th e  e l e c t r o n -  
m ic ro s c o p ic  e x a m in a t io n  o f  th e  i n t r a c e l l u l a r  d i s t r i b u t i o n  
o f  ly so so m a l  enzymes a re  a t  p r e s e n t  somewhat l i m i t e d  
( e . g . ,  a c id  p h o s p h a ta s e ,  e s t e r a s e )  b u t  th e  s t u d i e s  o f  
H oltzm an e t  a l .  ( 1967 ) and o t h e r s  show t h e r e  i s  c o n s i d e r ­
a b le  m o rp h o lo g ic a l  h e t e r o g e n e i t y  am ongst th e  a c i d  
p h o s p h a t a s e - c o n t a in i n g  p a r t i c l e s ,  and c e r t a i n l y  by  
d e f i n i t i o n  one m ust e x p e c t  d i f f e r e n c e s  i n  m o r p h o lo g ic a l  
s t r u c t u r e  b e tw een  p r im a ry  and s e c o n d a ry  ly so so m es  x d .th in  
a s i n g l e  c e l l .
As Rahman e t  a l . (1 967 ) p o i n t  o u t ,  i f  d i s t i n c t  
c l a s s e s  o f  ly so so m es  a re  n o t  p r e s e n t  w i t h i n  a g iv e n  c e l l
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ty p e  5 th e n  t h e i r  r e s u l t s  m ig h t  he e x p la in e d  a s  d i f f e r e n c e s  
be tw een  th e  lysosomes o f  th o  h e p a t o c y t e s  and o f  th o  o t h e r  
ty p e s  o f  c o l l  i n  th e  l i v e r .  W a t t ia u x  pt, ta l . (1956)
have  sh o rn  t h a t  two ly s o s o m a l  enzymes -  a c id  p h o s p h a ta s e  
and a c i d  RNase -  a re  eac h  p r e s e n t  i n  th e  l i v e r  r e t i c u l o ­
e n d o t h e l i a l  c e l l s  and i n  th e  pa ren ch y m a l c o l l s .
M oreover, s in c e  th e  r e s u l t s  p r e s e n t e d  i n  t h i s  t h e s i s  
i n d i c a t e  t h a t  th e  d i f f e r e n c e  b e tw een  a c i d  p h o s p h a ta s e -  
r i c h  ly so so m es  and a c id  R N a so - r ic h  ly so so m es  i s  n o t  
a b s o l u t e ,  i n  t h a t  some o f  th e  a c i d  RNase a c t i v i t y  may 
w e l l  be l o c a t e d  i n  th e  a c i d  p h o s p h a t a s e - r i c h  ly so so m es  
and v i c e  v e r s a ,  th e  p o s s i b i l i t y  s t i l l  r e m a in s  t h a t  th e  
ly so so m a l  h e t e r o g e n e i t y  m igh t r e p r e s e n t  i n t e r c e l l u l a r  
d i f f e r e n c e s  among th e  d i f f e r e n t  c e l l  t y p e s  w i t h i n  th e  
l i v e r .
The e v id e n c e  p r e s e n t e d  h e r e  f o r  t h e  d i f f e r e n c e  b e tw ee n  
th e  two c l a s s e s  o f  ly so so m e s ,  w i th  r e s p e c t  t o  th e  r e s p o n s e  
t o  T r i t o n  WR-1339? makes i t  more l i k e l y  t h a t  a c id  
p h o s p h a t a s e - r i c h  ly so so m es  and a c id  R N a s o - r ic h  ly so so m e s  
r e p r e s e n t  two d i s t i n c t  c l a s s e s  w i t h i n  th o  h e p a t o c y t e .
In  th e  r a t e - s e d i m e n t a t i o n  ly so so m a l  f r a c t i o n a t i o n s  
p r e s e n t e d  i n  t h i s  t h e s i s ,  t h e  ly so so m a l  a c i d  RNase 
d i s t r i b u t i o n  o f t e n  a p p e a rs  a s  a b ro a d  band  h a v in g  two 
b ro a d  p e a k s  ( e . g . .  F ig u r e s  li- .3 t o  Li-.5)j w h i le  a c i d  
p h o s p h a ta s e  f o l lo w s  a s i n g l e  b ro a d  p e a k .  The d e s i g n  o f  
th e  g r a d i e n t  u se d  i n  t h e s e  f r a c t i o n a t i o n s  s e rv e d  t o  h o l d  
b a ck  th e  f a s t e r  so d im e n t in g  ly so so m es  i n  an a t t e m p t  t o  
r e t a i n  th e  ly so so m es  i n  th e  c e n t r e  o f  t h e  g r a d i e n t .
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I f ,  ho w ev er ,  a l i n e a r  g r a d i e n t  had b e en  u s e d ,  th o  d u a l  
l o c a t i o n  o f  1ly s o s o m a l1 a c id  RNase may have  b e e n  more 
o b v io u s .  S u b seq u en t  work b y  Rahman (Rahman and C orny, 
1969) a g re e s  w i th  t h i s  s u g g e s t i o n .  U n f o r t u n a t e l y ,  t h e y  
r e v e r t e d  t o  u s in g  c o n v e n t io n a l  s u c ro s e  d e n s i t y  g r a d i e n t s  
i n  t u b e s ,  r a t h e r  t h a n  c o n t in u in g  t h e i r  s t u d i e s  u s in g  an 
A X II  z o n a l  r o t o r .  They showed t h a t ,  w i th  s h o r t  
c e n t r i f u g a t i o n  t i m e s ,  ly so so m a l  a c id  RNase se d im e n te d  
th ro u g h  l i n e a r  g r a d i e n t s  a s  a do u b le  p e a k ,  b u t  t h a t  th o  
low d e n s i t y  p eak  was m in im ised  when th e  c e n t r i f u g a t i o n  
tim e  was i n c r e a s e d .  Lysosom al a c i d  p h o s p h a ta s e  
e s s e n t i a l l y  se d im e n te d  a s  a s i n g l e  b ro a d  b a n d .  As t h e y  
p o i n t  o u t ,  t h i s  d i s c r e p a n c y  i n  th o  d i s t r i b u t i o n  p a t t e r n s  
o f  th e  two enzymes was f u r t h e r  e v id e n c e  o f  th e  ly s o s o m a l  
h e t e r o g e n e i t y .
In  th e  p r e s e n t  s tu d y ,  when f r a c t i o n s  o b t a in e d  by  
z o n a l  r a t e  s e d im e n ta t io n  f r a c t i o n a t i o n  o f  m i t o c h o n d r i a l /  
ly so so m a l  m a t e r i a l  from  n o rm a l  and T r i t o n - t r e a t e d  l i v e r  
were a s sa y e d  f o r  o t h e r  ly s o s o m a l  enzym es, no two o f  th e  
l i m i t e d  number o f  enzymes s t u d i e d  h ad  i d e n t i c a l  ly s o s o m a l  
d i s t r i b u t i o n  p a t t e r n s ,  and th e  change i n  d i s t r i b u t i o n  
p a t t e r n  r e s u l t i n g  from  T r i t o n  VJR-1339- t r e a t m e n t  was v a r i e d .  
There w as, h o w ev er ,  some s i m i l a r i t y  i n  d i s t r i b u t i o n  
bo W ee n  ly so so m e s  c o n ta in i n g  a c id  RNase and th o s e  
c o n ta in in g  p - n . p . s u l p h a t a s e . Rahman e t  a l . ( 1967 ) 
found  t h a t ,  011 f r a c t i o n a t i o n  o f  p o s t - n u c l e a r  m a t e r i a l  on 
an A X II  z o n a l  r o t o r ,  a c id  p h o s p h a ta s e  and c a t h e p s i n  C 
showed maximum ly so so m a l  a c t i v i t y  i n  th e  same f r a c t i o n .
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The p e ak s  o f  a c i d  RNase and c a t h o p s i n  D a p p e a re d  a t  
a p p ro x im a te ly  t h e  same p o i n t  i n  tho  g r a d i e n t ;  th e  a s s a y  
f o r - c a t h o p s i n  D, how ever, was somewhat u n s a t i s f a c t o r y  and 
d id  n o t  g iv e  a smooth d i s t r i b u t i o n  c u rv e .  They t e n t ­
a t i v e l y  s u g g e s te d  t h a t  a c i d  p h o s p h a ta s e  and c a t h o p s i n  C 
wore i n  one c l a s s  o f  ly so so m es  w h i le  a c id  RNase and 
c a t h o p s i n  D were c o n ta in e d  i n  a second  c l a s s .  Tho 
d i s t r i b u t i o n s  o f  th e  two enzymes i n  eac h  c l a s s  w o re , 
ho w ever, f a r  from  b e in g  i d e n t i c a l .
Very r e c e n t l y ,  F u t a i  e t  a l . (1972) f r a c t i o n a t e d  
p o s t - n u c l e a r  and crude  ly s o s o m a l  f r a c t i o n  by  r a t e  
s e d im e n ta t io n  on sm a ll  F i c o l l  g r a d i e n t s .  They scan ned  
tho  g r a d i e n t s  f o r  s i x  ly so so m a l  m arker enzymes (n am e ly ,  
a c id  R N ase , a c id  p h o s p h a ta s e ,  a c i d / S - g l u c u r o n i d a s e , 
a r y l s u l p h a t a s e , a c i d  / S - g a l a c t o s i d a s e  and a c e t y l -  
g lu c o s a m id a s e ) b u t ,  u n f o r t u n a t e l y ,  d id  n o t  do c a t h o p s i n  
C and D a s s a y s  t h a t  would have  a l lo w e d  co m p a riso n  w i th  
Rahman’ s w ork. Each enzyme h ad  a d i f f e r e n t  d i s t r i b u t i o n  
p a t t e r n ,  a g a in  showing t h a t  l i v e r  ly so so m es  a re  e x t r e m e ly  
h e te ro g e n e o u s  w i th  r e g a r d  t o  t h e i r  a c id  h y d r o l a s e  c o n te n t ,  
However, t h e s e  r e s u l t s ,  t o g e t h e r  w i th  th o s e  o f  Rahman, 
and th o s e  o f  t h e  p r e s e n t  s t u d y ,  do i n d i c a t e  t h a t  th e  
ly soso m es  may be r o u g h ly  d iv id e d  i n t o  two main g r o u p s ,  
a l th o u g h  th e  p r o p o r t i o n  o f  th e  t o t a l  a c t i v i t y  o f  e ac h  
h y d r o l a s e ,  which may be a l l o c a t e d  t o  e a c h  g ro u p ,  do es  
n o t  a p p e a r  t o  f o l lo w  any p a t t e r n .  F u t a i  e t  a l .  s u g g e s te d  
t h a t  th e  ex trem e  p o s s i b i l i t y  t h a t  one lysosom o c o n t a i n s  
o n ly  one enzyme must s t i l l  be c o n s id e r e d .  T h is  seems
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h a r d l y  l i k e l y  w i th  l a r g o  s e c o n d a ry  ly so so m e s ,  h u t  may w e l l  
he p o s s i b l e  w i th  th o  p r im a r y  ly so so m e s .  The d i f f e r e n c e s  
would th e n  r e f l e c t  how many and what types o f  p r im a r y  
ly so so m es  c o n t r i b u t e  t o  fo rm  th e  s e c o n d a ry  ly so so m e .
The h e te r o g e n e o u s  n a t u r e  o f  ly so so m e s  h a s  b e en  
r e p o r t e d  i n  a number o f  t i s s u e s .  Koenig e t  a.L (196*+), 
S e l l i n g e r  and H i a t t  (1968) and o t h e r s  have  o b se rv e d  
d i s p a r i t i e s  i n  th e  d i s t r i b u t i o n  o f  v a r i o u s  ly s o s o m a l  
a c i d  h y d r o l a s e s  i n  r a t  and mouse b r a i n  on c e l l  f r a c t i o n ­
a t i o n .  Koenig ( 1969 ) s u g g e s t s  t h a t  t h i s  h e t e r o g e n e i t y  
s tem s from  th e  m u l t i p l i c i t y  o f  c e l l  t y p e s  fo u n d  i n  b r a i n ,  
e ac h  h a v in g  i t s  c h a r a c t e r i s t i c  ly s o s o m a l  p o p u l a t i o n ,  and 
tho  p leom orph ism  o f  ly so so m a l  b o d ie s  and t h e i r  a s s o c i a t e d  
enzymes w i t h i n  th e  i n d i v i d u a l  c e l l  t y p e s .
S l a t e r  e t  a l . ( 1963) have  shown t h a t  i n  r a t  mammary 
i n v o l u t i o n  and i n  l i v e r  i n j u r y  c au se d  b y  CCl^, th e  t o t a l  
a c t i v i t i e s  o f  th o  a c i d  h y d r o l a s e s  a re  c a p a b le  o f  i n d e ­
p e n d e n t  v a r i a t i o n .  F u r th e rm o r e ,  i n  th e  mammary t i s s u e ,  
th e  b o u n d / f r e e  r a t i o s  o f  a c t i v i t i e s  a l t e r  a t  d i f f e r e n t  
r a t e s  d u r in g  i n v o l u t i o n .  T h is  t h e y  s u g g e s t  may be 
b e c a u se  o f  th e  h e te r o g e n e o u s  n a t u r e  o f  th e  ly s o s o m a l  
p o p u l a t i o n .
The s e d im e n ta b le  a c id  h y d r o l a s e s  o f  s p l e e n  a r e  
d i s t r i b u t e d  f a r  more h e t e r o g e n e o u s l y  t h a n  l i v e r  (Bowers 
and do Duve, 1967.). The d i s t r i b u t i o n  p a t t e r n s  o f  
i n d i v i d u a l  h y d r o l a s e s  a re  n o t  i d e n t i c a l ,  b u t  i n d i c a t e  
t h a t  t h e r e  a re  two m ajor t y p e s .  The d i s t r i b u t i o n  o f  a 
number o f  ly so so m a l  enzymes am ongst th e  v a r i o u s  f r a c t i o n s
o b ta in e d  by  d i f f e r e n t i a l  c e n t r i f u g a t i o n  have  b e en  g ra p h e d ,  
and i t  i s  i n t e r e s t i n g  t h a t  am ongst o t h e r s  a c id  RNase, 
a r y l s u l p h a t a s o  and ^ - g l u c u r o n i d a s e  a l l  a p p e a r  t o  bo 
a s s o c i a t e d  w i th  th e  typo  o f  lysosom e m ost r e a d i l y  se d im e n te d .  
Acid p h o s p h a ta s e  a c t i v i t y  i s  l e s s  r e a d i l y  s e d im e n te d .
The p r e s e n t  s tu d y  g iv e s  v e r y  s i m i l a r  r e s u l t s  f o r  th e  
ly so so m a l  h y d r o l a s e s  o f  r a t  l i v e r .  However, w h e reas  
Rahman o t  a l .  ( 1967) have  shown t h a t  r a t  l i v e r  c a t h o p s i n  
D i s  one o f  th e  more r e a d i l y  se d im e n te d  ly s o s o m a l  
h y d r o l a s e s ,  s p le e n  c a t h o p s i n  D i s  much l e s s  r e a d i l y  
s e d im e n te d  th a n  e i t h e r  a c id  RNa.se o r  a c id  p h o s p h a ta s e .
C anonico  and B i r d  (1970) f r a c t i o n a t e d  p o s t - n u c l e a r  
m a t e r i a l  from  r a t  m uscle  by  b o th  r a t a  and i s o p y c n ic  z o n a l  
c e n t r i f u g a t i o n .  The r e s u l t s  i n d i c a t e d  th e  p r e s e n c e  o f  
W o g ro u p s  o f  l y s o so m e - l ik e  p a r t i c l e s .  One g ro u p ,  r i c h  
i n  a c id  p h o s p h a ta s e  and c a t h o p s i n  D a c t i v i t i e s , b u t  w hich  
a l s o  p o s s e s s e d  some a c i d  RNase 3/$ - g l u c u r o n i d a s e  and 
a r y l s u l p h a t a s o  a c t i v i t i e s ,  was c h a r a c t e r i s e d  b y  a modal 
e q u i l i b r i u m  d e n s i t y  o f  1 .1 8  t h a t  was d e c r e a s e d  by  
s t a r v a t i o n  b u t  n o t  by  th e  i n j e c t i o n  o f  T r i t o n  WR-1339 
o r  d o x t r a n - 5 0 0 ,  The second  g roup  c o n ta in e d  a. h i g h e r  
p r o p o r t i o n  o f  th e  a c id  RNase, ^ - g l u c u r o n i d a s e  and a r y l ­
s u lp h a ta s o  and th e  e q u i l i b r i u m  o f  t h i s  g roup  was s h i f t e d  
b y  d e x t r a n -5 0 0  and b y  T r i t o n  WR-1339. C anon ico  and 
B i r d  s u g g e s te d  t h a t  tho  fo rm er  g roup  r e p r e s e n t e d  ly so so m e -  
l i k e  p a r t i c l e s  o f  th e  m uscle  c e l l s  w h i le  t h e  se co n d  g roup  
o f  ly sosom es  was d e r iv e d  from  th e  m acrophages and 
c o n n e c t iv e  t i s s u e  c e l l s .
Tho r e s u l t s  o f  th e  p r e s e n t  s tu d y  u s in g  r a t  l i v e r  a re  
t o  some e x t e n t  com parab le  w i th  th o s e  p e rfo rm e d  on m uscle  
b y  Canonico  and B i r d .  The a c id  R N a so - r ic h  ly so so m es  ta k e  
up T r i t o n  WR-1339 more r e a d i l y  th a n  a c i d  p h o s p h a t a s e - r i c h  
ly so so m e s ,  and i s o p y c n ic  c e n t r i f u g a t i o n  o f  T r i t o n  VJR-1339- 
t r o a t e d  ly so so m es  shows a. b im o d a l  d i s t r i b u t i o n  -  th o  
g r e a t e r  p a r t  o f  th e  a c t i v i t y  b e in g  l o c a t e d  i n  th e  low 
d e n s i t y  t r i t o s o m e s  and a s m a l l e r  p r o p o r t i o n  b e in g  i n  th e  
ly so so m e s ,  b a n d in g  a t  th e  n o rm al  d e n s i t y  1 .1 8 .  C o n v e r s e ly ,  
a s m a l l e r  p r o p o r t i o n  o f  th e  a c id  p h o s p h a ta s e  a c t i v i t y  i s  
l o c a t e d  i n  th e  t r i t o s o m e s  w h i le  th e  b u lk  o f  th e  a c t i v i t y  
i s  l o c a t e d  a t  i s o p y c n ic  d e n s i t y  a b o u t  1 .1 8 .  I t  i s  e v i d e n t ,  
ho w ever, t h a t  t h e  r e l a t i v e  change i n  th e  r a t e  s e d i m e n ta t i o n  
c h a r a c t e r i s t i c s  be tw een  th e  t r i t o s o m e s  and th e  u n a l t e r e d  
ly so so m es  o f  r a t  l i v e r  i s  d o s o - d e p e n d e n t .  I s o p y c n ic
f r a c t i o n a t i o n  s t u d i e s  were p e rfo rm e d  u s in g  o n ly  one dosage  
l e v e l  ( 2 .5  g/Kg body  w t . )  and l i v e r s  were a lw ays s t u d i e d  
3 days  a f t e r  T r i t o n  WR- 1 3 3 9  i n j e c t i o n .  When L e ig h to n  
e t  a l . ( 1968 ) u se d  a low er d o s a g e ,  b u t  k i l l e d  th e  r a t s  *f 
days a f t e r  i n j e c t i o n ,  a lm o s t  a l l  th e  a c id  p h o s p h a ta s e  
a c t i v i t y  was l o c a t e d  a f t e r  i s o p y c n ic  g r a d i e n t  c e n t r i ­
f u g a t i o n  i n  t h e  low d e n s i t y  t r i t o s o m e s ,  and n o t  i n  th e  
m a t e r i a l  b a n d in g  a t  1 . 1 8 , a s  was fo u n d  i n  th e  p r e s e n t  
s tu d y .  U n f o r t u n a t e l y ,  t h o s e  a u th o r s  d id  n o t  exam ine 
th o  d i s t r i b u t i o n  o f  o t h e r  ly s o s o m a l  enzymes i n  th e  g r a d i e n t ,  
so i t  i s  n o t  p o s s i b l e  t o  d e te rm in e  w h e th e r  a l l  th e  
ly s o s o m e - l ik e  p a r t i c l e s  were e q u a l l y  a f f e c t e d  by  th e  
T r i t o n  W R -1 3 3 9 -trea tm en t .
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The r e s u l t s  d e s c r i b e d  i n  t h i s  t h e s i s ,  and th o s e  o f  
Rahman e t  a l . ( 1 967 ) ,  c o u ld  be e x p la in e d  b y  th e  p r e s e n c e  
o f  two m ajor g ro u p s  o f  ly s o s o m e - l ik o  p a r t i c l e s  i n  r a t  
l i v e r  -  th e  v a r i o u s  ly so so m a l  enzymes b e in g  p r e s e n t  i n  
b o th  ty p e s  i n  v a r y in g  p r o p o r t i o n s .  However, th e  r e s u l t s  
o f  L e ig h to n  o t  a l . ( 1968) and th e  v a r y in g  r e s p o n s e s  t o  
T r i t o n  W R -1 339 -trea tm en t w i th  d i f f e r e n t  d o se s  and 
t r e a tm e n t  t im e s  im p ly  t h a t  t h e r e  i s  n o t  a c l e a r  
d i s t i n c t i o n - b e t w e e n  th e  two p a r t i c l e  t y p o s ,  w i th  r e g a r d  
t o  t h e i r  r e s p o n s e  t o  T r i t o n - t r e a t m e n t .  S im i la r  r e s u l t s
wore r e p o r t e d  i n  m uscle  by  C anonico  and B i r d  (1970)*
In  l i v e r ,  t h e r e  may w e l l  be more t h a n  two ty p e s  o f  
ly so so m es  h a v in g  d i f f e r e n t  ly so so m a l  h y d r o l a s e  c o n t e n t s  
and th e  p o s s i b i l i t y  s t i l l  r e m a in s  t h a t  t h e r e  i s  a 
d i s t i n c t  p r im a ry  lysosom e ty p e  f o r  each  a c i d  h y d r o l a s e .
The f r a c t i o n a t i o n  o f  r e  su sp en ded  m i t o c h o n d r i a l /  
ly so so m a l  m a t e r i a l  and whole homogonato from  t r a n s p l a n t  
hepatom a b y  r a t e  s e d im e n ta t io n  i n  HS and A X II  r o t o r s  
showed th e  h e te r o g e n e o u s  n a t u r e  o f  t h e  ly so so m e s  i n  t h i s  
t i s s u e .  The 'a c id 'R N a s o - r i c h  ly s o s o m o - l ik o  p a r t i c l e s  
a g a in  se d im e n t  more r a p i d l y  th a n  th o s e  r i c h  i n  a c id  
p h o s p h a ta s e .  Most o f  th e  p a r t i c u l a t e  a c i d  RNase and 
a c i d  p h o s p h a ta s e  a c t i v i t y  was fo und  to  be i n  p a r t i c l e s  
so d im e n t in g  more s lo w ly  th a n  th o s e  o f  n o rm a l l i v e r ;  t h e r e  
w as, h o w ev er ,  a wide s p re a d  o f  a c t i v i t y  a c r o s s  th e  z o n a l  
g r a d i e n t  and some ly s o s o m o - l ik o  p a r t i c l e s  -  n o t a b l y  
th o s e  r i c h  i n  a c id  RNase -  s e d im e n te d  c o n s i d e r a b l y  f a s t e r  
th a n  th o s e  o f  n o rm al l i v e r .
Having d e m o n s tra te d  t h a t  th e  d e n s i t y  o f  some ty p e s  o f  
ly so so m es  may he lo w e re d  b y  i n j e c t i o n s  o f  T r i t o n  MR-1339> 
i t  was c o n s id e r e d  t h a t ,  i f  ly so so m a l  d e n s i t y  c o u ld  be 
a l t e r e d  b y  t r e a tm e n t  i n  v i t r o  w i th  h e av y  m e ta l  i o n s ,  i t  
m igh t be p o s s i b l e  t o  d e m o n s tra te  a s i m i l a r  h e te r o g e n e o u s  
u p ta k e  s i m i l a r  t o  t h a t  fo u n d  w i th  T r i t o n  WR-1339* In  a 
p r e l i m i n a r y  e x p e r im e n t ,  th o  m i t o c h o n d r i a l / l y s o s o m a l  p e l l e t  
c o r r e s p o n d in g  t o  5 g o f  o r i g i n a l  l i v e r  was r e s u s p e n d e d  i n  
1 8 .5  ml 0 .2 5  M s u c r o s e ,  c o n ta in i n g  0 .0 ?  M DMG b u f f e r  
(pH 5 .0 )  and 1 .5  ^1 1 /  l e a d  n i t r a t e .  A f t e r  i n c u b a t i o n  
f o r  2 0  m in u te s  i n  a sh a k in g  w a te r  b a th  a t  3 7 ° s th e  pH 
was a d j u s t e d  to  pH 7*0 and th e  sample was lo a d e d  o n to  
th e  s t a n d a r d  g r a d i e n t  i n  an HS r o t o r .  On s c a n n in g  th e  
f r a c t i o n s  f o r  p r o t e i n  and ly so so m a l  enzyme a c t i v i t y ,  a l l  
th e  sample m a t e r i a l  was fo u n d  t o  have s e d im e n te d  t o  th e  
end o f  th e  g r a d i e n t  i n  a s i n g l e  band  o f  a g g re g a te d  m a t e r i a l  
a g a i n s t  th e  c u s h io n .  A s i m i l a r  r e s u l t  was fo u n d  b y  o t h e r  
w o rk e rs  i n  t h i s  l a b o r a t o r y  (E l-A a so r  e t  a l . . 1970 ,
H in to n  e t  a l . . 1 9 7 ° ,  b )  when a t t e m p t in g  t o  s e p a r a t e  
G -6 -P ase  c o n ta in i n g  v e s i c l e s  from  o th e r  m ic ro so m al 
m a t e r i a l .  T h is  a g g r e g a t i o n  t h e y  fo u n d  c o u ld  be a v o id e d  
by  m ild  s o n i c a t i o n ,  b u t ,  o b v i o u s l y ,  t h i s  a p p ro a c h  i s  n o t  
a p p l i c a b l e  t o  ly so so m e s .  P a la d e  (1971)?  a l s o  w ork ing  
on th e  f r a c t i o n a t i o n  o f  m ic ro so m al m a t e r i a l ,  h a s  shown 
t h a t ,  a f t e r  a s i m i l a r  i n c u b a t i o n  w i th  Pb(W0^ ) 2 , n o n -  
s p e c i f i c a l l y - b o u n d  l e a d  can  be rem oved b y  d i a l y s i s  a g a i n s t  
EDTA. The l e a d  i n c u b a t i o n  c o n d i t i o n s ,  i n  th e  a u th o r * s  
e x p e r im e n t ,  wore p r o b a b ly  to o  s e v e re  .and so r e s u l t e d  i n
th e  a g g r e g a t i o n  o f  m ost o f  th e  sam ple ; h o w ev er ,  t h i s  
a p p ro a ch  may w e l l  he  o f  u se  i n  f u t u r e  s t u d i e s ,  p o s s i b l y  
u s in g  much lo w er  c o n c e n t r a t i o n s  o f  l e a d ,  r e d u c in g  tho  
i n c u b a t i o n  p e r i o d  and d i a l y s i n g  a g a i n s t  SDTA i n  th e  c o ld  
a f t e r  th e  i n c u b a t i o n .  I f  l e a d  p h o sp h a te  was u se d  i n  tho  
i n c u b a t i o n  medium, th e  d e p o s i t i o n  o f  i n o r g a n i c  lo a d  i n  
th e  a c id  p h o s p h a t a s e - r i c h  ly so so m es  may i n c r e a s e  th e  
d e n s i t y  o f  th o s e  ly so so m es  and e n a b le  t h e s e  p a r t i c l e s  t o  
be i d e n t i f i e d  b y  e l e c t r o n - m i c r o s c o p y  a f t e r  r e c o v e r y  from  
th e  z o n a l  g r a d i e n t .  An a l t e r n a t i v e  a p p ro a c h  m ig h t be t o  
lo a d  tho  ly so so m es  w i th  h e av y  m e ta l  io n s  b y  i n j e c t i n g  th e  
r a t s  w i th  s o l u t i o n s  c o n t a i n i n g ,  say, 10 -100  mg h e a v y  m e ta l  
io n  f o r  a p e r i o d  o f  2-3  days  b e f o r e  k i l l i n g .
5 Meth o d s  o f  P r e p a r in g  L v so so m e -r ic h  F r a c t i o n s  o t h e r
th a n  by  C e n t r i f u g a t i o n
The v a r i o u s  m ethods t h a t  have b e en  u s e d  f o r  th e  
p r e p a r a t i o n  o f  ly s o s o m e - r ic h  f r a c t i o n s  have  r e c e n t l y  b e en  
re v ie w e d  by  R e id  (1 9 7 2 ) ,  w i th  p a r t i c u l a r  r e f e r e n c e  t o  r a t  
l i v e r .  Most o f  th e  p u b l i s h e d  p r o c e d u r e s  i n v o lv e  a 
d i f f e r e n t i a l  c e n t r i f u g a t i o n  s t e p  f o l lo w e d  b y  d e n s i t y  
g r a d i e n t  c e n t r i f u g a t i o n .  The l a t t e r  may be a r a t e  
s e d im e n ta t io n  s t e p ,  an i s o p y c n ic  b a n d in g  f r a c t i o n a t i o n ,  
o r  b o t h .  As h a s  b e en  shown i n  tho  p r e s e n t  s tu d y  and  
e l s e w h e r e ,  t h e  h e te r o g e n e o u s  n a t u r e  o f  ly so so m e s  and th e  
c lo s e n e s s  o f  t h e i r  i s o p y c n ic  d e n s i t y  t o  t h a t  o f  o t h e r  
c e l l  p a r t i c l e s  d e te rm in e s  t h a t  u n m o d if ie d  ly so so m e s  may 
n o t  be o b ta in e d  f r e e  o f  o t h e r  c e l l  p a r t i c l e s  b y  c e n t r i ­
f u g a t i o n  t e c h n iq u e s  a lo n e .  Tho m o d i f i c a t i o n  o f  ly so so m e s
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by such methods as th a t  o f  W attiaux o t  a l . ( 1 963 ) 5 who 
used  T r iton  WEI-1339 t o  change tho d e n s i t y  o f  the ly so so m e s ,  
does n o t  u n ifo rm ly  a f f e c t  the whole ly so so m a l p o p u la t io n ,  
and such a p r e p a r a t io n  can o n ly  c o n ta in  secondary l y s o ­
somes, Two o th er  tec h n iq u es  b e s id e s  c e n t r i f u g a t io n  a lone  
have r e c e n t l y  been d ev e lo p ed .
The f i r s t  tech n iq u e  was d eve lop ed  by B a r r e t t  and 
D ing le  ( 1 969 ) fo r  k id n ey . As an a l t e r n a t i v e  to  tho  
i n i t i a l  low speed c e n t r i f u g a t i o n ,  the homogenate was 
f i l t e r e d  through B a l l o t i n i  beads o f  v a ry in g  s i z e s  in  
order to  remove unbroken c e l l s ,  la rg o  a g g r e g a te s ,  
c o n n e c t iv e  t i s s u e  and some m ito ch on d r ia . Lysosomes in  
the f i l t r a t e  were c o n c en tr a ted  by c e n t r i f u g a t i o n  through  
a s u c r o s e / F i c o l l  g r a d ie n t .  To p rev en t  the  ly so som es  
becoming im pacted and damaged th e y  were banded a g a in s t  
a cu sh ion  o f  h ig h  d e n s i t y  su crose  a t  the bottom  o f  tho  
c e n tr i f u g e  tu b e . A s im i la r  tech n iq u e  was a l s o  used  by  
Straus ( 1 9 6 7 ) to  sep ara te  n u c l e i  from e n la rg e d  r e n a l  
ly so so m e s .
R e c e n t ly ,  Stahn e t  a l . (1970 and 1 9 7 1 ) have in tr o d u c e d  
a new method fo r  the p u r i f i c a t i o n  o f  ly so so m es which  
combines d i f f e r e n t i a l  c e n t r i f u g a t i o n  w ith  co n tin u o u s  
f r o e - f lo w  e l e c t r o p h o r e s i s .  Lysosomes were shown to  have  
tho h ig h e s t  anodic m o b i l i t y  o f  a l l  the s u b c c l lu la r  
o r g a n e l l e s  t e s t e d  and were h e tero g en eo u s  in  the e l e e ^r ^c 
f i e l d .  A ry lsu lp h a ta so  a c t i v i t y  was found i n  two 
e le c t r o p h o r e t i c  bands w h ile  a c id  phosphatase  and
g lu cu ro n id a se  showed i d e n t i c a l  d i s t r i b u t i o n s  i n  a s i n g l e
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ly s o s o m a l  band., A r y l s u lp h a ta s o  i n  th o  f a s t e r - m i g r a t i n g  
■band was e n r i c h e d  2l:-0 t i m e s ,  w h i l s t  th e  second  b a n d ,  w hich  
c o in c id e d  w i th  t h a t  o f  a c id  p h o s p h a ta s e  and ^ - g l u c u r o n ­
i d a s e ,  showed a 6 5 - f o l d  p u r i f i c a t i o n .  Tho y i e l d  am ounted 
t o  a p p ro x im a te ly  1 mg o f  ly s o s o m a l  p r o t e i n  p e r  g o f  r a t  
l i v e r  and th e  ly so so m es  were r e p o r t e d  t o  be w e l l  p r e s e r v e d .
Tho l a t t e r  t e c h n iq u e  c e r t a i n l y  g iv e s  some re m a rk a b ly  
good p u r i f i c a t i o n  f i g u r e s  and c o u ld  w e l l  be  o f  c o n s i d e r ­
a b le  im p o r ta n c e  i n  th e  f u t u r e  s t u d y / o f  ly so so m e s .  An 
i n i t i a l  s e p a r a t i o n  o f  p a r t l y  p u r i f i e d  ly so so m e s  by  
c e n t r i f u g a t i o n  i n  a z o n a l  r o t o r  r a t h e r  t h a n  b y  d i f f e r e n t i a l  
c e n t r i f u g a t i o n  may w e l l  p ro v e  a d v a n ta g e o u s .
6 The D i s t r i b u t i o n  o f  A lk a l in e  RNase and A lk a l in e
PdSaso i n  t h e  C y to p la s m
Most o f  th e  e a r l y  i n v e s t i g a t i o n s  i n t o  th e  i n t r a ­
c e l l u l a r  d i s t r i b u t i o n  o f  a l k a l i n e  r i b o n u c l e a s e s  i n  r a t  
l i v e r  were c a r r i e d  o u t  u s in g  s u b c e l l u l a r  f r a c t i o n s  
o b t a in e d  b y  d i f f e r e n t i a l  c e n t r i f u g a t i o n .  A lk a l in e  RNase 
h a s  b e en  shown t o  be p r e s e n t  i n  e v e r y  s u b c e l l u l a r  f r a c t i o n  
b u t ,  s in c e  such  f r a c t i o n s  a r e  r e l a t i v e l y  im p u re ,  i t  i s  
d i f f i c u l t  t o  a s s e s s  th e  p r o p o r t i o n  o f  th e  t o t a l  c e l l u l a r  
a c t i v i t y  t h a t  i s  l o c a t e d  i n  e a c h  p a r t i c u l a r  o r g a n e l l e .  
In d e e d ,  a c t i v i t y  i n  some f r a c t i o n s  may be due t o  c o n ta m in ­
a n t s  and th e  a c t i v i t y  may bo a b s e n t  i n  th e  main component 
o f  th e  f r a c t i o n .  The u se  o f  z o n a l  r o t o r s  h a s  e n a b le d  a 
more p r e c i s e  i n v e s t i g a t i o n  i n t o  th e  i n t r a c e l l u l a r  
d i s t r i b u t i o n  o f  a l k a l i n e  r i b o n u c l e a s o  i n  th e  c y to p la s m .
~ 3 1 3  -
The e a r l i e r  r e s u l t s  o f  o th e r  w o rk e rs  ( s e e  I n t r o d u c t i o n )  
have  shown t h a t  a p p ro x im a te ly  70$ -of  th e  ’ t o t a l 1 c e l l u l a r  
a l k a l i n e  RNase i s  l o c a t e d  i n  an i n a c t i v e  fo rm  i n  th e  
s o l u b l e  s u p e r n a t a n t  f r a c t i o n ;  t h i s  a c t i v i t y  i s  
r e l e a s e d  i n  th e  p re s e n c e  o f  pCMB. In  th e  f i r s t  z o n a l  
r u n s  p e rfo rm e d  by  th e  a u th o r  u s in g  th e  A X I I - ty p o  r o t o r ,  
th e  s o lu b le  m a t e r i a l  was l i t t l e  s e p a r a t e d  from  th o  m ic ro ­
somal band  and th e  b u lk  o f  th e  ’ t o t a l *  c e l l u l a r  a l k a l i n e  
RNase was l o c a t e d  i n  th e  s o lu b le /m ic r o s o m a l  r e g i o n .
T h is  p eak  o f  a c t i v i t y  was v e r y  much r e d u c e d  i n  th e  a b sen c e  
o f  pCMB, b u t  some a l k a l i n e  a c t i v i t y  was s t i l l  e v i d e n t .  
A lthough  m ost o f  th e  a c t i v i t y  i n  t h i s  r e g i o n  c o u ld  be 
a t t r i b u t e d  t o  th e  s u p e r n a t a n t  enzyme, i t  was p o s s i b l e  t h a t  
some o f  th e  a l k a l i n e  RNase a c t i v i t y  was a s s o c i a t e d  w i th  
th e  m ic ro som al m a t e r i a l .  The re m a in in g  a c t i v i t y  
a s s o c i a t e d  w i th  th e  p a r t i c u l a t e  f r a c t i o n s  was s p re a d  
a c r o s s  th e  z o n a l  g r a d i e n t ,  and a p p e a re d  t o  be p r e s e n t  i n  
a l l  th e  m ajo r  p a r t i c l e  z o n e s .  S im i la r  r e s u l t s  were 
fo u nd  by  Rahman ( 1 9 6 7 ) .  C l e a r l y  i t  was n e c e s s a r y  t o  
o b t a i n  a b e t t e r  r e s o l u t i o n  b e tw ee n  th e  ly s o s o m e s ,  m ic ro -  
some s and m i to c h o n d r ia  i n  o r d e r  t o  d e te rm in e  th e  
q u a n t i t a t i v e  d i s t r i b u t i o n  o f  a l k a l i n e  RNase am ongst 
t h e s e  o r g a n e l l e s .  The s e r i e s  o f  r a t e  s e d i m e n ta t io n  
z o n a l  s e p a r a t i o n s  u s in g  an HS z o n a l  r o t o r  showed t h a t  a t  
l e a s t  some o f  th e  p a r t i c u l a t e  a l k a l i n e  RNase a c t i v i t y  
se d im e n te d  w i th  th e  ly so so m es  and p e ro x is o m e s ,  and th e  
s m a l l - tu b e  i s o p y c n ic  z o n a l  r e - r u n s  c o n f irm e d  t h a t  t h i s  
a c t i v i t y  was a s s o c i a t e d  w i th  ly s o s o m o - l ik o  p a r t i c l e s
r a t h o r  th a n  th e  p e ro x is o m e s .  G r e a te r  r e s o l u t i o n  o f  th e  
r e m a in in g  c y to p la s m ic  o r g a n e l l e s  was o b ta in e d  by  r a t e  
s e d im e n ta t io n  f r a c t i o n a t i o n  e x p e r im e n ts  o f  a c ru de  
n u c l e a r  p e l l e t  on a complex g r a d i e n t  i n  an A X II  z o n a l  
r o t o r .  A lk a l in e  RNase was shown t o  be a s s o c i a t e d  a l s o  
w i th  th e  f r e e  p lasm a membrane s h e e t s  and w i th  th e  m i to ­
c h o n d r ia .  The p r o p e r t i e s  o f  th e  a l k a l i n e  RNase i n  th e  
ly so so m e s ,  m i to c h o n d r ia  and th e  p lasm a membrane i n d i c a t e  
t h a t  a t  l e a s t  t h r e e  d i s t i n c t  p a r t i c u l a t e  enzymes a r e  
p r e s e n t  i n  r a t  l i v e r  c y to p la s m . The RNase a c t i v i t y  i n  
e a c h  o f  t h e s e  o r g a n e l l e s  w i l l  be c o n s id e r e d  s e p a r a t e l y .
I  P lasm a Membrane A lk a l in e  RNase and P h o s p h o d ie s t e r a s e  
P lasm a membrane f r a c t i o n s  i s o l a t e d  from  c ru d e  n u c l e a r  
f r a c t i o n  have b e en  shown to  p o s s e s s  c o n s i d e r a b le  a l k a l i n e  
p h o s p h o d i e s t e r a s e  and a l k a l i n e  RNase a c t i v i t y  (Emmolot 
o t  a l . , 196li-9 L an s in g  e t  a l . , 1967 and Coleman e t  a l . , 
1 967 ) .  H ow ever5 s in c e  a l k a l i n e  RNase h a s  b e e n  r e p o r t e d  
t o  be p r e s e n t  i n  s e v e r a l  o t h e r  o r g a n e l l e s ,  i t  i s  n o t  
p o s s i b l e  t o  d e te rm in e  w h e th e r  th e  r e p o r t e d  a c t i v i t y  i n  
th e  p lasm a  membrane i s  due t o  th e  p lasm a membrane 
p a r t i c l e s  o r  t o  c o n ta m in a n t s . The u se  o f  z o n a l  r o t o r s  
h a s  e n a b le d  p lasm a  membrane t o  be s e p a r a t e d  s i m u l t a n e o u s ly  
w i th  o t h e r  c e l l  o r g a n e l l e s ,  h e n c e ,  when th e  z o n a l  g r a d i e n t  
was scanned  f o r  RNase a c t i v i t y  u s in g  v a r i o u s  a s s a y  
c o n d i t i o n s ,  i t  was p o s s i b l e  t o  show t h a t  a d i s t i n c t  
a l k a l i n e  RNase was p r e s e n t  i n  th e  p lasm a membrane r e g i o n ,  
an t o  e s t im a t e  th e  c o n t r i b u t i o n  made by  th e  p lasm a  
membrane t o  th e  t o t a l  p a r t i c u l a t e  a l k a l i n e  RNase i n  th e
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c y to p la s m .  Tho r e s u l t s  p ro so n tG d  h o ro  i n d i c a t e  t h a t  
a h o u t  one t h i r d  o f  th e  p a r t i c u l a t e  a l k a l i n e  RNase 
( a s s a y e d  i n  th e  p r e s e n c e  o f  2 .5  mM Mg++) and a 
c o n s i d e r a h ly  h i g h e r  p r o p o r t i o n  o f  th o  a l k a l i n e  PdSase 
a r e  a s s o c i a t e d  w i th  th e  p lasm a  membrane ( a l s o  N o r r i s ,
Burge and H in to n ,  1971)*
Tho pH optimum (F ig u re  ^ . lV )  o f  th e  RNase a c t i v i t y  
i n  th e  p lasm a  membrane f r a c t i o n  from  th e  A X II  r a t e  z o n a l  
f r a c t i o n a t i o n  was be tw een  pH 7*^* end 7*3 . S u b seq u e n t  
work by  c o l l e a g u e s  o f  th o  a u th o r  h a s  shown t h a t ,  when 
such a f r a c t i o n  was f u r t h e r  p u r i f i e d  b y  f l o t a t i o n ,  some 
ED TA *-insensitive  a l k a l i n e  RNaso, which was p r o b a b ly  
d e r iv e d  from  th e  m i to c h o n d r ia  and c y t o s o l  (and  p o s s i b l y  
some a c id  RNase) was e l u t e d  and th e  re m a in in g  p lasm a  
membrane a c t i v i t y  had  an optimum a t  pH 8 .7  (P ro s p o ro  
a t  a l . , 1 9 7 3 ) .
B oth  p lasm a  membrane a l k a l i n e  RNase and p h o s p h o d i -  
. e s t e r a s e  were a c t i v a t e d  by  th e  a d d i t i o n  o f  Mg’t"r i o n s ,  
and i n h i b i t e d  b y  th o  a d d i t i o n  o f  EDTA t o  th e  a s s a y  
i n c u b a t i o n  medium. The p h o s p h o d i e s t e r a s e  was a lm o s t  
c o m p le te ly  i n h i b i t e d  by  th e  p r e s e n c e  o f  2 . ?  mM EDTA., 
w h i l s t  th o  a c t i v i t y  i n  th e  p r e s e n c e  o f  2 . ?  mM Mg*1”7" was 
i n c r e a s e d  a b o u t  15 t im e s  o v e r  th e  a c t i v i t y  i n  th e  a b se n c e
H—b
o f  Mg . Tho a c t i v i t y  o f  a l k a l i n e  RNase w as, h o w ev er ,  
o n ly  i n c r e a s e d  by  some 10% b y  th e  p r e s e n c e  o f  2 .5  raM Mg 
S u b sequ en t work i n  t h i s  l a b o r a t o r y  (P r o s p e r o  o t  a l . , 1973) 
h a s  shown t h a t  th e  p h o s p h o d i e s t e r a s e  i s  f u l l y  a c t i v a t e d  
b y  1 .0  mM Mg’rn' and f u l l y  i n h i b i t e d  by  1 .0  mM EDTA,
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J r - rw h i l s t  tho  r i b o n u c l e a s e  r e q u i r e s  7*5 niM Mg f o r  f u l l  
a c t i v a t i o n  and 5 mM EDTA f o r  f u l l  i n h i b i t i o n .
P ro s p o ro  e t  a l . (1973) have  p o s t u l a t e d  t h a t  th o
a l k a l i n e  RNase and PdEase a c t i v i t i e s  o f  th e  p lasm a
membrane may be duo t o  th e  same enzyme. They have
s i m i l a r  pH o p tim a  ( 3 .7  and 8 .5  r e s p e c t i v e l y )  and b o th
gave th e  same a c t i v a t i o n  and i n h i b i t i o n  p a t t e r n s  w i th
th o  v a r i o u s  b u f f e r s  u se d  to  d e te rm in e  th e  pH o p t im a ,
^_
B oth  a c t i v i t i e s  depend  on tho  p r e s e n c e  o f  Mg i o n s .  
A lthou gh  th e  c o n c e n t r a t i o n  o f  Mg'1"1 io n s  n e ed e d  t o  g iv e  
f u l l  a c t i v i t y  i s  d i f f e r e n t ,  th o  enzyme a c t i v i t i e s  a re  
a b o u t  15 t im e s  g r e a t e r  i n  th e  p r e s e n c e  o f  MgH th a n  i n  
th e  p r e s e n c e  o f  EDTA. The d i f f e r e n c e  i n  t h e  a c t i v i t i e s  
w i th  a change o f  Mg c o n c e n t r a t i o n  may s im p ly  be due t o  
Mg b in d in g  w i th  th e  RNA. In  a d d i t i o n ,  when p lasm a  
membrane p r e p a r a t i o n s  were s o l u b i l i s e d  w i th  T r i t o n  X -100 , 
b o th  a c t i v i t i e s  were a c t i v a t e d  by  a b o u t  20$ , and on 
s u b m i t t in g  th e  s o l u b i l i s e d  membrane t o  g r a d i e n t  c e n t r i ­
f u g a t i o n  i n  sm a l l  tu b e s  th e  p h o s p h o d i e s t e r a s e  a c t i v i t y  
and m ost o f  th e  a l k a l i n e  RNase a c t i v i t y  were fo u n d  to  
sed im e n t  t o g e t h e r .
L i t t l e  work h a s  b een  p e r fo rm e d  on th o  s u b s t r a t e  
s p e c i f i c i t y  o f  th e  p lasm a  membrane p h o s p h o d i e s t e r a s e  and 
RNase. T o u s te r  e t  a l . (1970) h a s  s u g g e s te d  t h a t  th e  n o n ­
s p e c i f i c  p h o s p h o d i s t e r a s e  w hich  b r e a k s  down b i s - p - n i t r o -  
p h e n y lp h o s p h a te  ( t h e  s u b s t r a t e  used jin  th e  p r e s e n t  s tu d y  
and b y  P r o s p e ro  e t  a l . )  a l s o  b r e a k s  down p - n i t r o p h e n y l — 
5 1- th y m id in e p h o s p h a te  and v a r i o u s  s y n t h e t i c  o l i g o n u c l e o ­
t i d e s .  Do Lam irande e t  a l . (1966) showed t h a t  a l k a l i n e
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5 ’p h o s p h o d i e s t e r a s e  was l o c a t e d  i n  th e  m ic ro so m es , and 
E r i c i n s k a  e t  a l . (1 969) who a l s o  u se d  p - n i t r o p h e n y l -  
5f- th y m id in e p h o s p h a te  a s  s u b s t r a t e ,  s u b s e q u e n t ly  showed 
t h a t  more th a n  80$ o f  th e  a l k a l i n e  5 ’p h o s p h o d i e s t e r a s e  
a c t i v i t y  i s  l o c a t e d  i n  th e  p lasm a  membrane, and s u g g e s te d  
t h a t  some o f  th e  re m a in in g  p a r t i c u l a t e  a c t i v i t y  m igh t be 
a s s o c i a t e d  w i th  th e  ly so so m e s .  Tho a u t h o r 1s s t u d i e s ,  
u s in g  th e  a l t e r n a t i v e  s u b s t r a t e ,  showed a s i m i l a r  
d i s t r i b u t i o n  f o r  a l k a l i n e  p h o s p h o d ie s t e r a s e  and a 
s i m i l a r  r e s p o n s e  t o  Mg and EDTA, i n d i c a t i n g  t h a t  t h i s  
was th e  same enzyme. However, i n  a p p a r e n t  c o n t r a d i c t i o n  
t o  t h e s e  r e s u l t s ,  F u t a i  and Mizuno ( 1 9 6 7 ) fo u n d  t h a t  p u r i ­
f i e d  a l k a l i n e  r j ’p h o s p h o d ie s to r a s e  does n o t  a t t a c k  b i s - p -  
n i t r o p h e n y l p h o s p h a t e , and a rg u e d  t h a t  t h e s e  a re  two 
s e p a r a t e  a c t i v i t i e s .
The r e s u l t s  i n  th e  p r e s e n t  s tu d y  i n d i c a t e  t h a t  p la sm a  
membrane a l k a l i n e  RNase i s  d i s t i n g u i s h e d  from  t h a t  o f  th e  
m i to c h o n d r ia  i n  t h a t  i t  shows v e r y  l i t t l e  a c t i v i t y  a g a i n s t  
p o ly  A, w h i l s t  th e  i n h i b i t i o n  b y  EDT.A c l e a r l y  d i s t i n g u i s h e s  
th o  a c t i v i t y  from  t h a t  o f  th e  s o l u b l e ,  ly s o s o m a l  and 
m i to c h o n d r i a l  a c t i v i t i e s .  I t  i s  d i f f i c u l t ,  h o w ev er ,  t o  
i d e n t i f y  th e  p la sm a  membrane a l k a l i n e  RNaso w i th  t h o s e  
enzymes r e p o r t e d  i n  th e  l i t e r a t u r e .  The 5 fRNase d e s c r i b e d  
by  de Lam irande e t  a l . ( 1 9 6 6 ) i n  tho  m ic ro so m al f r a c t i o n  
was a c t i v e  a g a i n s t  p o ly  A, w h i l s t  th e  a l k a l i n e  r i b o s o m a l  
enzyme was a c t i v a t e d  b y  EDTA, and i n h i b i t e d  b y  Mg++ and 
th e  RNaso i n h i b i t o r .  The RNaso I I I  d e s c r i b e d  b y  Rahmai 
( 196 6 ) a s  b e in g  a s s o c i a t e d  w i th  c y to p la s m ic  membrane
s t r u c t u r e s  r e s e m b le s  t h e  p lasm a  membrane a l k a l i n e  RNase 
i n  t h a t  i t  h a s  a h ig h  pH optimum (a ro u n d  pH 9 i0 )  and i s  
i n h i b i t e d  b y  EDTA. H ow ever, t h i s  enzyme i s  i n h i b i t e d  
by  c o n c e n t r a t i o n s  o f  d i v a l e n t  m e ta l  i o n s  above 1 mM, Mg 
a c t i v a t e s  a t  v e r y  low c o n c e n t r a t i o n s ,  b u t  n o t  above 1 mM.
Smmelot e t  a l . (196V) showed t h a t  RNaso a c t i v i t y  
( a s s a y e d  w i th o u t  th e  a d d i t i o n  o f  Mg o r  EDTA) i n  t h e i r  
p la sm a  membrane p r e p a r a t i o n  was most a c t i v e  a t  a l k a l i n e  
and n e u t r a l  pH v a l u e s .  The a c i d  a c t i v i t y  was e l u t e d  
w i th  s a l i n e  t r e a tm e n t  as  one would e x p e c t  i f  t h e  a c id  
a c t i v i t y  was a c o n ta m in a n t .  The a l k a l i n e  RNase a c t i v i t y  
was i n c r e a s e d  when th e  membranes were s o l u b i l i s e d  w i th  DOC, 
a s  was a l s o  fou nd  i n  t h i s  l a b o r a t o r y  when th e  1 z o n a l t 
f r a c t i o n  was f u r t h e r  p u r i f i e d  b y  f l o t a t i o n  and s o l u b i l i s e d  
w i th  T r i t o n  JC-100 (P ro s p e ro  e t  a l . , 1973 ) .
t h e n  c ru d e  n u c l e a r  f r a c t i o n  was f r a c t i o n a t e d  b y  
r a t e  s e d im e n ta t io n  c e n t r i f u g a t i o n  i n  an A X II  z o n a l  r o t o r ,  
tho  a l k a l i n e  PdEaso a c t i v i t y  c l o s e l y  f o l lo w e d  t h a t  o f  
AMPase i n  th o  th r o e  main p e a k s  c o r r e s p o n d in g  t o  th e  
r e g i o n s  o f  th e  p lasm a  membrane v e s i c l e s ,  th e  p la sm a  
membrane s h e e t s  and th o  r e g i o n  o f  th e  n u c l e i  and 
a g g re g a te d  m a t e r i a l .  A lk a l in e  RNase, h o w e v er ,  d id  n o t  
show a p eak  o f  a c t i v i t y  i n  th e  r e g i o n  o f  th e  p la sm a  
membrane v e s i c l e s 5 a f u r t h e r  sc an  i n  th e  p r e s e n c e  o f  
pCMB and a f t e r  f r e e z e - t h a w i n g  r e v e a l e d  a p e ak  o f  a c t i v i t y  
i n  t h i s  r e g i o n .  S ince  K.A. N o r r i s  ( p e r s o n a l  communi­
c a t i o n )  h a s  fo u n d  t h a t  m ic ro so m al p la sm a  membrane 
f r a c t i o n s ,  i s o l a t e d  b y  i s o p y c n ic  z o n a l  c e n t r i f u g a t i o n .
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p o s s o s s - a l k a l i n e  HNaso a c t i v i t y  w i th o u t  f r o o z o ~ th a w in g ,
& SykdCcti /  • /  '
i t  would a p p e a l  th am /p lasm a  mombrano^/RNaso i i -s-p-a r t l y - 
i n h i h i t o d  h y  HNaso i n h i b i t o r *  T h is  h a s  n o t  boon 
i n v e s t i g a t e d  f u r t h e r .
In  com paring  p h o s p h o d io s to r a s o  and a l k a l i n e  HNaso 
a c t i v i t y  d i s t r i b u t i o n  w i th  t h a t  o f  AMPase, one m ust n o t  
r o g a r d  A M P asoas  a p e r f e c t  m arker enzyme f o r  p la sm a  
membrane , f o r  i t  may n o t  bo e v e n ly  d i s t r i b u t e d  o v e r  th e  
s u r f a c e  o f  th e  c e l l .  H in to n ,  D o b ro ta ,  F i t z s im o n s  and 
H eid  (1970) have  shown t h a t  p la sm a  membrane f r a g m e n ts  
r e c o v e r e d  from  th e  c rude  n u c l e a r  f r a c t i o n  c o n t a i n  many 
b i l e  c a n a l i c u l a r  membranes, and i t  i s  p o s s i b l e  t h a t  th e  
s i n u s o i d a l  membranes a re  f r a g m e n te d  t o  m ic ro som es . At 
l e a s t  h a l f  th o  AMPaso o f  t h e  c o l l  i s  r e c o v e r e d  i n  th e  
m ic ro som al f r a c t i o n .  A lk a l in e  p h o s p h o d i e s t e r a s e  h a s  
a l s o  boon shown h i s t o c h e m i c a l l y  t o  be m ost a c t i v e  on 
th e  b o r d e r s  o f  th e  b i l e  c a n a l i c u l i  (S ie ra k o w sk a  e t  a l .* 
1963) .  However, co m pariso n  o f  tho  1n u c l e a r 1 and
I m ic ro s o m a l1 p lasm a  membrane a l k a l i n e  p h o s p h o d i e s t e r a s e  
and RNaso h a s  r e v e a l e d  no  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  
r e l a t i v e  amounts as  compared w i th  AMPase, o r  i n  th e  
p r o p e r t i e s  ( N o r r i s ,  Burge and H in to n ,  1971 )•
I I  M i to c h o n d r ia l  A lk a l in e  RNaso
M ito c h o n d r ia l  a l k a l i n e  RNase c o u ld  n o t  be s t u d i e d  
i n  th e  HS z o n a l  f r a c t i o n a t i o n  e x p e r im e n ts  s i n c e  th e  
m i to c h o n d r ia  banded  a t  th e  end o f  th e  g r a d i e n t  t o g e t h e r  
w i th  o th e r  c e l l u l a r  p a r t i c l e s  and a g g r e g a te d  m a t e r i a l .
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VJhen, h o w ev er ,  a c rude  n u c l e a r  f r a c t i o n  was su b -  
f r a c t i o n a t e d  b y  r a t a  z o n a l  f r a c t i o n a t i o n  i n  an A X II  
r o t o r ,  a b ro a d  band  o f  a l k a l i n e  HNaso a c t i v i t y  was fo un d  
ru n n in g  a c r o s s  th o  ly s o s o m a l  and th o  m i t o c h o n d r i a l  
r e g i o n s .  Tho a l k a l i n e  r i b o n u c lo a s o  a c t i v i t y  o f  th o  
ly so so m a l  and m i to c h o n d r i a l  r e g i o n  was d i s t i n g u i s h e d  
from  t h a t  o f  th o  p lasm a membrane f r a c t i o n s ,  i n  b e in g  
i n h i b i t e d  up t o  a b o u t  50% b y  th o  p r e s e n c e  o f  2 .5  mM Mg , 
th o  enzyme c o - s e d im o n t in g  w i th  th o  m i to c h o n d r ia  b e in g  
more i n h i b i t e d  th a n  t h a t  c o - s e d im o n t in g  w i th  th e  ly so so m e s .  
VJhon p o ly  A was u se d  a s  s u b s t r a t e ,  m ost o f  th e  a c t i v i t y  
was foun d  i n  a p eak  c o -s e d im o n t in g  w i th  th e  m i to c h o n d r i a .  
The p o ly  A -h y d ro ly s in g  a b i l i t y  t h u s  d i s t i n g u i s h e s  th e  
m i to c h o n d r i a l  RNase from  th e  enzyme fo un d  i n  th e  ly s o s o m a l ,  
m ic rosom al and p lasm a  membrane r e g i o n s ,  w hich  h ad  l i t t l e  
a c t i v i t y  a g a i n s t  t h i s  s u b s t r a t e .  The m i t o c h o n d r i a l  
a l k a l i n e  RNase a c t i v i t y ,  u n l i k e  t h a t  o f  th e  s u p e r n a t a n t  
f r a c t i o n ,  was n o t  i n c r e a s e d  i n  tho  p r e s e n c e  o f  pCMB.
The s t u d i e s  o f  R e id  and Nodes (1959)?  on th e  r a t e  
a t  w hich  a l k a l i n e  RNase a c t i v i t y  was s o l u b i l i s e d  from  a 
c ru de  m i t o c h o n d r i a l / l y s o s o m a l  p r e p a r a t i o n  w i th  f r e e z e -  
th a w in g ,  as  compared w i th  a c i d  RNase and a c i d  p h o s p h a t a s e ,  
i n d i c a t e d  t h a t  a l k a l i n e  RNase i n  t h i s  f r a c t i o n  w a s  
m em brane-bound. The p r e s e n t  s tu d y  shows t h a t  th e  
m i t o c h o n d r i a l  p o l y  A -h y d ro ly s in g  a l k a l i n e  RNase i s  
a c t i v e  w i th o u t  p r e v io u s  f r e e z e - t h a w i n g ,  a n d ,  s in c e  
R endi (1959) h a s  r e p o r t e d  t h a t  m i to c h o n d r i a l  membranes 
a re  im perm eable  t o  b o v in e  p a n c r e a t i c  RNase, i t  seems
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p r o b a b le  t h a t  a l k a l i n e  RNaso o c c u r s  on th o  o u to r  s u r f a c e  
o f  th o  m i to c h o n d r ia .  M ora is  (1969) h a s  s u b s e q u e n t ly  
s u b - f r a c t i o n a t e d  m i to c h o n d r ia  and shown t h a t  p o l y  A- 
h y d r o l y s i n g  a c t i v i t y  i s  l o c a t e d  on th e  o u t e r  membrane 
and i n  th e  s o lu b le  in te r -m e m b fan o  s p a c e ,  b u t  n o t  on t h e  
i n n e r  membrane o r  i n  th e  i n n e r  m a t r ix .
As was foun d  w i th  th e  p lasm a  membrano RNase, i t  i s  
d i f f i c u l t  t o  i d e n t i f y  t h e  m i t o c h o n d r i a l  enzyme w i th  any  
o f  th o  RNases r e p o r t e d  i n  th e  l i t e r a t u r e .  S e v e ra l  o f  
th e  p u r i f i c a t i o n  p ro c e d u r e s  p u b l i s h e d  f o r  a l k a l i n e  
RNase have  assumed th e  i d e n t i t y  o f  th e  s u p e r n a t a n t  
a l k a l i n e  RNase and t h a t  o f  th e  m i to c h o n d r ia ,  e . g . ,
B oard  and R a z z o l l  (1961:-), Gordon (1 9 6 5 ) .  T h is  i d e n t i t y  
i s  by  no means c e r t a i n  (R o th ,  1959)* The p r o p e r t i e s  o f  
th e  m i t o c h o n d r i a l  and s u p e r n a t a n t  enzymes have  b e en  
compared b y  a number o f  w o rk e rs  ( s e e  C h a p te r  One), b u t  
th e  p u r i t y  o f  th e  p r e p a r a t i o n s  was o f t e n  d o u b t f u l  ( e . g . ,  
R o th ,  1 9 5 7 5 Zytko e t  a l . , 1 9 5 8 ) .  In  some p r e p a r a t i o n s ,  
e . g . ,  R e id  and Nodes (1959)?  c o n ta m in a t in g  a c id  RNase 
a c t i v i t y  was removed from  th e  p r e p a r a t i o n  b y  b r i e f  h e a t  
a n d /o r  a c id  t r e a t m e n t .  I t  i s  n o t  c e r t a i n  t h a t  a l l  t h e  
c o n ta m in a t in g  r ib o n u c le a .s e  a c t i v i t i e s  a r e  rem oved , and 
t h a t  th e  m i to c h o n d r i a l  a l k a l i n e  RNase enzyme o r  enzymes 
re m a in  undamaged by  t h i s  p r o c e d u r e .  Nhen m i t o c h o n d r i a l  
p r e p a r a t i o n s  s o l u b i l i s e d  w i th  d e o x y c h o la te  ware 
f r a c t i o n a t e d  on D E A S -c e l lu lo s e , N odes, R e id  and W h i t c u t t  
( 1962 ) fo un d  m u l t i p l e  p eak s  o f  RNase a c t i v i t y ,  b u t  a f t e r  
h e a t - a n d  a c id —t r e a tm e n t  (R e id  and N odes, 1959) t h e r e  was
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a s i n g l e  p e ak  o f  a l k a l i n e  RNase a c t i v i t y  h a v in g  an 
optimum pH o f  7*3* H e a t - t r e a t e d  s u p e r n a t a n t  f r a c t i o n  
was ch ro m a to g rap h ed  and gave a s i m i l a r  p e ak  o f  a l k a l i n e  
a c t i v i t y ,  h a v in g  th e  same pH optimum and s p e c i f i c i t y .
The p o s s i b i l i t y  re m a in s  t h a t  more t h a n  one a l k a l i n e  
RNaso i s  p r e s e n t  i n  th e  m i to c h o n d r ia  ( e . g . ,  de L am irando , 
1966) and t h a t  o n ly  one a c t i v i t y ,  i d e n t i c a l  t o  t h a t  o f  
th e  s u p e r n a t a n t  enzyme, re m a in s  a f t e r  t h e  h o a t - t r e a t m e n t .
Tho a l k a l i n e  RNase p r e p a r a t i o n  o f  B eard  and R a z z e l l  
( 196k) r e s e m b le d  t h a t  fo u n d  i n  tho  p r e s e n t  s tu d y  i n  t h a t  
i t  was p a r t l y  i n h i b i t e d  b y  Mg and a c t i v a t e d  s l i g h t l y  b y  
EDTA. However, t h e i r  s p e c i f i c i t y  s t u d i e s ,  i n  common 
w i th  th o s e  o f  o t h e r  w o rk e rs  who have  i n v e s t i g a t e d  h e a t -  
and a c i d - t r e a t e d  m i t o c h o n d r i a l  RNase p r e p a r a t i o n s ,  
i n d i c a t e d  t h a t  m i to c h o n d r i a l  and s u p e r n a t a n t  a l k a l i n e  
RNase showed v e r y  l i t t l e  o r no a c t i v i t y  to w a rd s  p o l y  A.
The p r e s e n t  s tu d y ,  i n  ag reem en t w i th  t h o s e  o f  de 
L am ira n d o 1s group ( s e e  b e lo w ) ,  shows t h a t  t h e r e  i s  a 
m i to c h o n d r i a l  enzyme d e g ra d in g  p o ly  A a t  pH 7*8 
(F ig u re  k . 1 3 ) ,  When a z o n a l  f r a c t i o n a t i o n  g r a d i e n t  
was scanned  f o r  a c t i v i t y  a g a i n s t  p o ly  A a t  pH 5 . 6 ,  t h e r e  
was a p eak  o f  a c t i v i t y  c o - s e d im e n t in g  w i th  th e  ly s o s o m e s ,  
b u t  o n ly  a low  a c t i v i t y  i n  th e  m i t o c h o n d r i a l  r e g i o n ,  
hence  th e  m i t o c h o n d r i a l  a c t i v i t y  c a n n o t  be a t t r i b u t e d  
t o  th e  c o n ta m in a t in g  ly s o s o m a l  a c id  RNaso. The 
m i to c h o n d r i a l  RNase d i f f e r s  from  th e  s u p e r n a t a n t  enzyme. 
B e e rs  ( I9 6 0 )  h a s  shown t h a t  th e  l i v e r  s u p e r n a t a n t  RNaso 
w hich was n o t  h e a t -  o r  a c i d - t r e a t e d ,  d e g ra d e d  p o l y  A
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o n ly  v e r y  s lo w ly .  Tho a u t h o r ' s  r e s u i t s  show c o n s i d e r a b l e  
m i t o c h o n d r i a l  a c t i v i t y  to w a rd s  t h i s  s u b s t r a t a .  In  
a d d i t i o n 9 th o  m i to c h o n d r i a l  anzymo d o g ra d in g  p o l y  A was 
n o t  combined w i th  th o  r ib o n u c lo a .s e  i n h i b i t o r .  Tho 
h e a t - t r e a t e d  m i t o c h o n d r i a l  a l k a l i n e  RNaso p r e p a r a t i o n s  
h a v e ,  how ovor, boon shown t o  be  i n h i b i t e d  b y  RNase 
i n h i b i t o r ,  b u t  R o th  (1959) showod t h a t  m i to c h o n d r i a l  
RNaso was n o t  i n h i b i t e d  t o  th e  samo e x t e n t  a s  th o  s u p e r ­
n a t a n t  enzym e.
Tho s i m p le s t  e x p l a n a t i o n  f o r  t h e s e  r e s u l t s  i s  t h a t  
a t  l e a s t  two a l k a l i n e  RNases a r e  l o c a t e d  i n  th e  m i to ­
c h o n d r ia  -  a h e a t - s t a b l e  enzyme s i m i l a r  t o  th o  s u p e r n a t a n t  
enzyme and s u s c e p t i b l e  t o  i n h i b i t i o n  by  th e  RNase 
i n h i b i t o r ,  and an a l k a l i n e  RNase w hich  d e g ra d e s  p o l y  A 
and i s  d e s t r o y e d  by  h e a t -  and a c i d - t r e a t m e n t .  The h e a t  
and a c i d  l a b i l i t y  o f  th e  l a t t e r  h a s  n o t  b e e n  exam ined i n  
t h i s  s tu d y .
C u r t i s  e t  a l . ( 1966 ) have  i s o l a t e d  a v e r y  l a b i l e  
n o n - s p e c i f i c  5 'n u c l e a s e  from  m i to c h o n d r ia  w i th  a pH optimum 
n e a r  n e u t r a l i t y ,  and w hat a p p e a r s  t o  be t h e  same enzyme 
was shown b y  M orais  e t  a l . ( 1967) t o  g iv e  a 90$ 
h y d r o l y s i s  o f  p o ly  A. T h is  enzyme, ho w ev er ,  u n l i k e  
t h a t  d e s c r i b e d  i n  th e  p r e s e n t  s tu d y ,  i s  a c t i v a t e d  b y  
Mg and i s  c o m p le te ly  i n h i b i t e d  b y  EDTA. The enzyme 
i s  v e r y  s e n s i t i v e  t o  o x i d a t i o n  and , u n l e s s  a r e d u c in g  
a g e n t  sochas mere a p t  o e th a n o l  i s  added t o  th e  p r e p a r a t i o n ,  
com ple te  and i r r e v e r s i b l e  i n a c t i v a t i o n  o c c u r s  w i t h i n  a 
few  h o u r s .  I t  seems u n l i k e l y  t h a t  th o  e n zy m e 's  a c t i v i t y
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would havo boon  d e t e c t e d  i n  th o  e x p e r im e n ta l  and a s s a y  
c o n d i t i o n s  u se d  i n  t h i s  s t u d y .  HNaso a c t i v i t y  a g a i n s t  
p o ly  A was m easured  i n  th o  e x p e r im e n t ,  i l l u s t r a t e d  i n  
F ig u re  *+.13j 2lr h r  a f t e r  th e  z o n a l  s e p a r a t i o n  was 
p e r fo rm e d .
I l l  Lysosom al A lk a l in e  RNasd and A lk a l in e  P h o s p h o d i e s t e r ­
a s e s
A f t e r  f r a c t i o n a t i o n  o f  p o s t - n u c l e a r  f r a c t i o n  and o f  
r e  suspended  m i t o c h o n d r i a l / l y s o s o m a l  f r a c t i o n  i n  an  HS 
z o n a l  r o t o r , d i s t i n c t  r e g i o n s  o f  a l k a l i n e  RNase a c t i v i t y  
can  he d i s t i n g u i s h e d .  There  a re  p e a k s  o f  a c t i v i t y  a t  
th e  l i g h t  and dense  ends o f  th e  g r a d i e n t  c o r r e s p o n d in g  
r e s p e c t i v e l y  t o  a c t i v i t i e s  i n  s o lu b le  and m ic ro som al 
m a t e r i a l ,  and i n  m i t o c h o n d r i a l ,  p lasm a  membrane and 
a g g re g a te d  m a t e r i a l .  A c ro ss  th e  c e n t r e  o f  th o  g r a d i e n t ,  
whore most o f  th e  ly sosom os and p e ro x iso m e s  a r e  s e d im e n t in g ,  
t h e r e  i s  a b ro a d  sp re a d  o f  a c t i v i t y .  A s i m i l a r  com plex 
d i s t r i b u t i o n  o f  a l k a l i n e  RNase h a s  b e e n  r e p o r t e d  b y  
Rahman (1967)3 u s in g  r a t e  z o n a l  c e n t r i f u g a t i o n  i n  an 
A X II  r o t o r .
The ly so so m a l  and p e ro x is o m a l  r e g i o n  i s  c o n ta m in a te d  
b y  o th e r  c e l l  o r g a n e l l e s  -  n o t a b l y  b y  m ic ro so m al m a t e r i a l  
i n  th e  ’l i g h t 1 ly so so m a l  r e g i o n ,  and by  m i to c h o n d r i a ,  i n  
th o  ’h e a v y ’ ly so so m a l  r e g i o n .  Comparing th e  l e v e l s  o f  
a l k a l i n e  RNase i n  th e  light’ and ’h e a v y ’ ly so so m a l  
r e g i o n s ,  i . e . ,  th e  second  and t h i r d  r e g i o n s  o f  T a b le s  
h.2a.  and ^K2b, w i th  th e  c o r r e s p o n d in g  a c t i v i t i e s  o f  
G -6-Paso  and s u c c i n i c  d e h y d ro g e n a s e ,  i t  i s  e v i d e n t  t h a t
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th e  a l k a l i n e  RNase a c t i v i t y  se d im e n t in g  w i th  th e  l y  so some 
i s  to o  l a r g o  t o  "be a t t r i b u t e d  e n t i r e l y  t o  m icrosom es and 
m i to c h o n d r ia  p r e s e n t  i n  t h o s e  r e g i o n s .  The a v e rag e d  
r e s u l t s  (T ab le  V .3) o f  th e  HS z o n a l  f r a c t i o n a t i o n s  o f  
m i to c h o n d r i a l / l y s o s o m a l  f r a c t i o n  f u r t h e r  show t h a t  i n  
th e  ’l i g h t *  ly so so m a l  r e g i o n  th e  a l k a l i n e  RNase p u r i f i ­
c a t i o n  i s  tw ic e  t h a t  o f  AMPase and n e a r l y  10 t im e s  
g r e a t e r  t h a n  t h a t  o f  s u c c i n i c  d e h y d ro g e n a s e .  In  th e  
f r a c t i o n a t i o n  e x p e r im e n ts  on c rud e  n u c l e a r  f r a c t i o n  i n  
th e  A X II  z o n a l  r o t o r  ( F ig u r e  ^ . 1 3 ) ,  th e  ly so so m es  have  
n o t  se d im e n te d  f a r  i n t o  th e  g r a d i e n t  an d , u n l i k e  th e  
d i s t r i b u t i o n  fo u n d  i n  th e  HS z o n a l  g r a d i e n t s ,  th e  l y s o ­
somes a re  r e t a i n e d  i n  a r e l a t i v e l y  d i s c r e t e  b a n d .  The 
peak  o f  ly so so m a l  a l k a l i n e  RNase a c t i v i t y  i s  more o b v io u s  
i n  t h i s  f r a c t i o n a t i o n .
P u b l i s h e d  p H - a c t i v i t y  c u rv e s  f o r  p u r i f i e d  ly s o s o m a l  
a c id  RNaso ( F u t a i  e t  a l . , 1969) show th e  enzyme h a s  some 
a c t i v i t y  a t  pH 7 .8  -  a b o u t  10% o f  t h a t  a t  th e  optimum 
pH 5*6. Thus, some o f  th e  a l k a l i n e  a c t i v i t y  r e c o r d e d  
i n  th e  ly so so m a l  r e g i o n  w i l l  be a c id  RNaso a c t i v i t y  a t  
an a l k a l i n e  pH. However, when a l k a l i n e  RNase was 
m easured  w i th o u t  f r e e z e - t h a w i n g  (F ig u re  L! - . l l ) ,  th e  
a c t i v i t y  i n  th e  ly so so m a l  r e g i o n  was o n ly  m a r g i n a l l y  
l e s s  t h a n  th e  a c t i v i t y  a f t e r  f r e e z e - t h a w i n g .  H ence ,
o n ly  a sm a ll  p r o p o r t i o n  o f  th e  a l k a l i n e  RNase a c t i v i t y  
i n  th e  ly so so m a l  r e g i o n  can  be due to  a c id  RNase. The 
p H - a c t i v i t y  cu rv e  f u r t h e r  i n d i c a t e s  th e  p r e s e n c e  o f  
d i s t i n c t  a l k a l i n e  and a c id  RNasos i n  th e  ly s o s o m a l  r e g i o n
The p r e s e n c e  o f  an a l k a l i n e  RNase a c t i v i t y  i n  th e  
ly so so m a l  f r a c t i o n  h a s  a l s o  b e en  n o te d  by  Rahman ( 1 967) .
The a s s o c i a t i o n  o f  an  enzyme h a v in g  an a l k a l i n e  pH optimum, 
w i th  an o r g a n e l l e  c o n ta in i n g  a v a s t  r a n g e  o f  a c id  h y d ro ­
l a s e s  i s ,  h ow ever ,  s u r p r i s i n g ,  an d ,  when F u t a i  e t  a l .
( 1969 ) fo u nd  a p p ro x im a te ly  25% o f  th e  t o t a l  a l k a l i n e  
RNase was r e c o v e r e d  w i th  t h e i r  p a r t i a l l y  p u r i f i e d  ly s o s o m a l  
f r a c t i o n ,  s in c e  th e  enzyme showed no l a t e n c y ,  t h e y  
s u g g e s te d  t h a t  i t  was a c o n ta m in a n t ,  i n  s p i t e  o f  th e  
v e r y  h ig h  l e v e l  o f  a c t i v i t y .
The d i f f e r e n c e  i n  th e  r e s p o n s e  b e tw een  th e  a c id  and 
a l k a l i n e  RNases t o  f r e e z e - t h a w i n g  th e  ly s o s o m a l  f r a c t i o n s  
s u g g e s t s  t h a t  th e  a l k a l i n e  enzyme i s  l o c a t e d  on th e  o u t e r  
membrane s u r f a c e  o f  th e  p a r t i c l e s .  P e ro x iso m es  co ­
sed im e n t  w i th  th e  ly so so m es  i n  t h e  HS z o n a l  g r a d i e n t s ,  
b u t  i s o p y c n ic  r e c e n t r i f u g a t i o n  o f  th e  ly s o s o m a l  r e g i o n  
i n d i c a t e d  t h a t  th e  a l k a l i n e  RNase i s  a s s o c i a t e d  w i th  th o  
ly so so m es  r a t h e r  t h a n  th e  p e ro x is o m e s .  I t  i s  d i f f i c u l t  
t o  a s s e s s  w h e th e r  th e  ly s o s o m a l  a l k a l i n e  RNaso i s  
p r i n c i p a l l y  a s s o c i a t e d  w i th  e i t h e r  th e  f a s t e r  s e d im e n t in g  
a c id  R N a s e - r ic h  ly so so m es  o r  w i th  th e  s lo w e r  s e d im e n t in g  
a c id  p h o s p h a t a s e - r i c h  ly s o s o m e s ,  o r  w h e th e r  t h e  a c t i v i t y  
i s  e v e n ly  d i s t r i b u t e d  o ve r  a l l  th e  ly s o s o m a l - ty p e  p a r t i c l e s ,  
s i n c e ,  i n  th e  r a t e  s e d im e n ta t io n  f r a c t i o n a t i o n  e x p e r im e n t s ,  
th e  a c t i v i t y  a t  any p o i n t  i n  th e  ly so so m a l  r e g i o n  m ust be 
i n f lu e n c e d  by  th e  d e g re e  o f  c o n ta m in a t io n  b y  e i t h e r  
m i to c h o n d r ia  o r  p lasm a  membrane f r a g m e n ts .  Comparing 
th e  mean d i s t r i b u t i o n  o f  a l k a l i n e  RNase i n  r e g i o n s  a c r o s s
th o  HS z o n a l  g r a d i e n t  a f t e r  f r a c t i o n a t i n g  m i t o c h o n d r i a l /  
ly so so m a l  m a t e r i a l  from  n o rm al l i v e r  and T r i t o n  WR-1339- 
t r e a t e d  l i v e r  (Tables li- .3 and t h e r e  d oes  n o t  a p p e a r
t o  be any e v id e n c e  f o r  a s i g n i f i c a n t  s h i f t  i n  th e  d i s t r i b ­
u t i o n  o f  th e  enzyme i n  th e  ly s o s o m a l  r e g i o n  f o l lo w in g  
e i t h e r  t h e  l y s o s o n a l a c i d  RNase o r  a c id  p h o s p h a ta s e  a c t ­
i v i t i e s .  T h is  i n d i c a t e s  t h a t  th e  a l k a l i n e  RNase may 
be p r e s e n t  i n  b o th  ty p e s  o f  ly so so m e s .  The i s o p y c n ic  
d e n s i t y  g r a d i e n t  r e - r u n s  o f  T r i t o n  VJR-1 3 3 9 - t r e a t e d  l i v e r  
do t o  some e x t e n t  s u p p o r t  th e  p o s s i b i l i t y .  I n  F ig u r e  
l:-.9 a ,  r e - r u n  o n e , f o r  i n s t a n c e ,  w h i le  a lm o s t  a l l  th e  
a c id  RNase a c t i v i t y  i s  s o l u b l e  o r t r i t o s o m a l ,  some 
a l k a l i n e  RNase i s  l o c a te d ,  i n  th e  t r i t o s o m a l  r e g i o n  and 
some i n  th e  r e g i o n  o f  unchanged  ly so so m e s .  F u r t h e r  work 
i s  r e q u i r e d  t o  c o n f i rm  th e  p r e c i s e  d i s t r i b u t i o n  o f  
a l k a l i n e  RNase amongst th o  ly s o s o m a l - ty p e  p a r t i c l e s .
The l a c k  o f  a c t i v i t y  to w a rd s  p o ly  A and th o  s l i g h t l y
- H -h i g h e r  a c t i v i t y  w i th  EDTA th a n  w i th  Mg i n d i c a t e  a 
s i m i l a r i t y  b e tw een  t h i s  enzyme and th o  p r e p a r a t i o n s  o f  
’m i t o c h o n d r i a l ’ and s u p e r n a t a n t  a l k a l i n e  RNase o f  B ea rd  
and R a z z e l l  (196L) and Gordon (1 9 6 5 3 a ) , and th o  s e v e r a l  
e a r l i e r  h e a t -  o r  a c i d - t r e a t e d  p r e p a r a t i o n s  o f  a l k a l i n e  
’m i t o c h o n d r i a l ’ RNase from  c ru d e  m i t o c h o n d r i a l  f r a c t i o n s .  
The q u e s t i o n  a r i s e s  w h e th e r  th o s e  e a r l i e r  p a r t i c u l a t e  
a l k a l i n e  RNase p r e p a r a t i o n s  were o f  a ly s o s o m a l  enzyme 
o r  a m i to c h o n d r i a l  enzyme, o r  w h e th e r  t h e  same enzyme i s  
l o c a t e d  i n  b o th  th e  o r g a n e l l e s .  I f  th o  l a t t e r  i s  th e  
c a s e ,  i s  th e  p a r t i c u l a t e  enzyme i d e n t i c a l  t o  th e
s u p e r n a t a n t  a l k a l i n e  RNase? As h a s  b e e n  s u g g e s te d  i n  
th e  p r e v i o u s  s e c t i o n  on m i t o c h o n d r i a l  R N ases, i f  th e  p o ly  
A -d e g rad in g  a c t i v i t y  o f  t h e  m i to c h o n d r i a l  f r a c t i o n  i s  
d e s t r o y e d  b y  h e a t -  o r  a c i d - t r e a t m e n t ,  t h i s  may w e l l  r e v e a l  
an a l k a l i n e  RNase i d e n t i c a l  w i th  th e  s u p e r n a t a n t  enzyme 
and p e rh a p s  a l s o  w i th  th e  a l k a l i n e  RNase p r e s e n t  i n  th e  
ly so so m a l  f r a c t i o n .
The r e s u l t s  i n  T ab le  ^-.7 show t h a t  th e  a l k a l i n e  
ly s o s o m a l  RNase a c t i v i t y  i s  i n c r e a s e d  i n  th e  p r e s e n c e  o f  
pCMB b u t  n o t  t o  th e  same e x t e n t  a s  th e  s u p e r n a t a n t  
enzyme. S te v e n s  and R e id  (1956) have  r e p o r t e d  t h a t  
t h e i r  ’m i t o c h o n d r i a l 1 RNase p r e p a r a t i o n ,  w hich  enzyme 
i s  p r o b a b ly  i d e n t i c a l  w i th  th e  ly so so m a l  a l k a l i n e  RNase 
d e s c r i b e d  h e r e ,  p r e f e r e n t i a l l y  a t t a c k s  h ig h  m o le c u la r  
w e ig h t  RNA, w h i le  th e  a c id  enzyme i s  more a c t i v e  a g a i n s t  
low m o le c u la r  w e ig h t  p a r t i a l l y  h y d r o ly s e d  y e a s t  RNA,
The r e s u l t s  p r e s e n t e d  i n  t h i s  t h e s i s  show t h a t  s u p e r n a t a n t  
a l k a l i n e  RNase a l s o  p r e f e r e n t i a l l y  a t t a c k s  h ig h  m o le c u la r  
w e ig h t  RNA. W hether th e  ly so so m a l  and s u p e r n a t a n t  
a l k a l i n e  RNases a re  i d e n t i c a l  i s  n o t  c e r t a i n  w i th o u t  
f u r t h e r  s p e c i f i c i t y  s t u d i e s .
A lk a l in e  p h o s p h o d ie s t e r a s e  h a s  b e en  shown t o  be 
p r e d o m in a n t ly  l o c a t e d  i n  th e  p lasm a  membrane. How ever, 
com paring  th e  d i s t r i b u t i o n  p a t t e r n s  o f  a l k a l i n e  p ho sp h o d ­
i e s t e r a s e  and AMPase ( e . g . .  F ig u r e  lf - . l l ,  T ab le  ^ . 7)3  th e  
p u r i f i c a t i o n  i n  th e  ly so so m a l  r e g i o n  i s  c o n s i s t e n t l y  
h i g h e r  f o r  th e  p h o s p h o d i e s t e r a s e ,  i n d i c a t i n g  t h a t  t h i s
enzyme may be p a r t l y  l o c a t e d  i n  th e  ly s o s o m a l  r e g i o n .  
R a .zze ll  ( 196I )  f i r s t  s u g g e s te d  t h a t  t h i s  enzyme was 
d i s t r i b u t e d  b e tw een  th e  ly so s o m a l /m ic ro s o m a l  and n u c l e a r  
f r a c t i o n s .  R a z z e l l  f r a c t i o n a t e d  l i v e r  b y  d i f f e r e n t i a l  
c e n t r i f u g a t i o n ,  and b y  t h i s  p ro c e d u re  one would e x p e c t  
th e  p lasm a  membrane a c t i v i t y  t o  be  d iv id e d  b e tw ee n  th e  
m ic ro so m al and n u c l e a r  f r a c t i o n s .  L a t e r  s t u d i e s  b y  
van  Dyck and W a t t ia u x  ( 196 8 ) ,  and B r i g h t w e l l  and T appe l 
(19685 a) have  c o n f i rm e d  th e  p lasm a membrane l o c a t i o n  o f  
th e  enzym e, b u t  have  f a i l e d  t o  f i n d  any ly s o s o m a l  a c t i v i t y ,  
work by  K.A. N o r r i s  i n  t h i s  l a b o r a t o r y  ( u n p u b l i s h e d  
r e s u l t s )  have  sh o rn  t h a t  m icrosom es c o n ta in i n g  AMPase 
and th o s e  c o n ta in i n g  a l k a l i n e  p h o s p h o d i e s t e r a s e  can  be 
s e p a r a t e d  to  some e x t e n t ,  w hich  would s u g g e s t  an asym m etry  
o f  th e  d i s t r i b u t i o n  w i t h i n  th e  p lasm a  membrane. I n  which 
c a s e ,  th e  a l k a l i n e  p h o s p h o d ie s t e r a s e  a c t i v i t y  co -  
s e d im e n t in g  w i th  th e  ly so so m e s  may be p r e s e n t  i n  a sub­
t r a c t i o n  o f  th e  p lasm a membrane m a t e r i a l  p o s s e s s i n g  a 
low AMPase a c t i v i t y .
The p r e s e n t  s t u d i e s  i n d i c a t e  t h a t  a l k a l i n e  p hospho d ­
i e s t e r a s e  a c t i v i t y  i n  th e  ly s o s o m a l  r e g i o n  i s  e v i d e n t  
w i th o u t  f r e e z e - t h a w i n g .  The a l k a l i n e  p h o s p h o d i e s t e r a s e  
i n  th e  ly s o s o m a l  r e g i o n  -  l i k e  th e  p lasm a  membrane enzyme
-r  A
-  r e q u i r e d  Mg and was a lm o s t  c o m p le te ly  i n h i b i t e d  b y  
SDTA. S ince  ly so so m a l  a c i d  p h o s p h o d i e s t e r a s e  i s
-jr - r  ' '
i n h i b i t e d  by  Mg and i s  a c t i v a t e d  by  f r e e z e - t h a w i n g , i t  
seems u n l i k e l y  t h a t  th e  low a l k a l i n e  a c t i v i t y  can  be  
a t t r i b u t e d  t o  th e  a c id  enzyme. I t  h a s  b e en  s u g g e s te d
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e a r l i e r  t h a t  th e  p lasm a membrane a l k a l i n e  RNase and 
a l k a l i n e  p h o s p h o d i e s t e r a s e  may be th e  same enzyme. Only 
a sm a l l  p r o p o r t i o n  o f  th e  h e p a to c y te  a l k a l i n e  p h o s p h o d i -  : 
e s t e r a s e  i s  p r e s e n t  i n  t h i s  r e g i o n  -  p r o b a b l y  l e s s  th a n  
10% -  h en ce  9 any  Mg a c t i v a t e d  a l k a l i n e  RNase a c t i v i t y  
accom panying t h i s  enzyme w i l l  be  masked b y  th e  p r o p o r t i o n ­
a l l y  g r e a t e r  ly so so m a l  a l k a l i n e  RNase a c t i v i t y ,  w hich  i s  
i n h i b i t e d  b y  Mg
E r ic in s k a .  e t  a l . ( 1 969) have  shown t h a t  a t  l e a s t  80$ 
o f  th e  a l k a l i n e  p h o s p h o d i e s t e r a s e  a c t i v i t y  i s  l o c a t e d  i n  
th e  p la sm a  membrane. They have  p u r i f i e d  n u c l e a r  and 
ro u g h  en d o p la sm ic  r e t i c u l u m  f r a g m e n ts  t o  a p o i n t  where 
t h e y  a re  a lm o s t  c o m p le te ly  f r e e  o f  p h o s p h o d i e s t e r a s e  
a c t i v i t y ,  and have s u g g e s te d  t h a t  some o f  t h e  re m a in in g  
a c t i v i t y  may be l o c a t e d  i n  t h e  ly so so m e s .  The e x p e r im e n ts  
p r e s e n t e d  i n  t h i s  t h e s i s  w ould  a p p e a r  t o  c o n f i rm  t h i s  
s u g g e s t io n  and s u g g e s t  t h a t  th e  a l k a l i n e  p h o s p h o d i e s t e r a s e  
i s  on th e  ly s o s o m a l  membrane. However, t h e  s i m i l a r i t y  
o f  th e  p r o p e r t i e s  o f  th e  p la sm a  membrane and th e  l y s o s o m a l 1 
a l k a l i n e  p h o s p h o d i e s t e r a s e ,  t o g e t h e r  w i th  th e  e v id e n c e  
c i t e d  (K.A. N o r r i s ,  p e r s o n a l  com m unica tion) t h a t  AMPase 
may n o t  be a p e r f e c t  m arker f o r  p lasm a  membrane f r a g m e n t s ,  
means t h a t  one m ust n o t  r u l e  o u t  t h e  p o s s i b i l i t y  t h a t  a l l  
th e  a l k a l i n e  p h o s p h o d i e s t e r a s e  a c t i v i t y  i n  t h e  ly s o s o m a l  
r e g i o n  may, i n  f a c t ,  be due t o  c o n ta m in a t in g  p la sm a  
membrane f r a g m e n ts .
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7 N u c le a r  R ib o n u c le a s e s
The r e s u l t s  p r e s e n t e d  i n  t h i s  t h e s i s  c o n f i rm  th e  
r e s u l t s  o f  R e id  e t  a l . (196*+) t h a t  u n d e r  th e  p a r t i c u l a r  
a s s a y  c o n d i t i o n s  u s e d ,  two pH o p tim a  f o r  RNase a c t i v i t y  
a re  fo und  i n  aq ueous p r e p a r a t i o n s  o f  r a t  l i v e r  n u c l e i ,
The S i e b e r t  g roup  have  o n ly  fo u n d  a s i n g l e  p e a k  o f  a c t i v i t y  
w i th  a s l i g h t l y  a l k a l i n e  pH optimum. I t  was c o n s id e r e d  
t h a t  t h i s  d i s c r e p a n c y  r e s u l t e d  from  d i f f e r e n c e s  i n  th e  
a s s a y  p ro c e d u re  u se d  b y  th e  two g r o u p s ,  and s u b s e q u e n t  t o  
t h i s  s tu d y  West (1970) i n  t h i s  l a b o r a t o r y  p e r fo rm e d  an 
e x t e n s i v e  s tu d y  i n  w hich  e a c h  v a r i a b l e  was i n v e s t i g a t e d  
i n  t u r n .  The two a s s a y  p r o c e d u r e s  d i f f e r e d  i n  th e  p r e ­
c i p i t a t i n g  r e a g e n t ,  th e  s u b s t r a t e ,  th e  s u b s t r a t e  c o n cen ­
t r a t i o n  and th e  p r e s e n c e  o f  Mg**. West showed t h a t  
a l k a l i n e  RNase r e q u i r e d  a h i g h e r  s u b s t r a t e  c o n c e n t r a t i o n  
th a n  th e  a c id  enzyme i n  o r d e r  t o  s a t u r a t e  th e  enzym e, and 
when th e  enzyme was s a t u r a t e d ,  th e  !a c i d ! p e a k  was m asked; 
a t  low er s u b s t r a t e  c o n c e n t r a t i o n s ,  th e  a c i d  p e a k  was 
e v id e n t*  The a l k a l i n e  enzyme a p p e a re d  t o  a t t a c k  
p r e f e r e n t i a l l y  h ig h  m o le c u la r  w e ig h t  s u b s t r a t e ,  w h i le  
th e  a c id  enzyme was more a c t i v e  a g a i n s t  low  m o le c u la r  
w e ig h t  RNA, and t h u s ,  a s  w i th  th e  r e s u l t s  p r e s e n t e d  i n  
t h i s  t h e s i s  c o n c e rn in g  th e  a c i d  and a l k a l i n e  RNase o f  t h e  
s u p e r n a t a n t  f r a c t i o n ,  th e  a c i d  a c t i v i t y  was masked when 
h ig h  m o le c u la r  w e ig h t  s u b s t r a t e  was u s e d .  West a l s o
fo u nd  t h a t  n u c l e a r  a l k a l i n e  RNase was i n h i b i t o d  b y  th e  
+ +
p re s e n c e  o f  Mg . In  a d d i t i o n ,  th e  a c i d  enzyme a p p e a re d  
t o  g iv e  s m a l l e r  o l i g o n u c l e o t i d e  end p r o d u c t s  t h a n  th e
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a l k a l i n e  enzym e. R e id * s  g roup  u s e d  PCA and u r a n y l  
a c e t a t e ,  a p r e c i p i t a n t  w i t h  a low  * c u t - o f f 1 s i z e  ( s e e  
C h a p te r  3) a s  opposed  t o  th e  s im p le  PCA p r e c i p i t a n t  u se d  
h y  S i e b e r t ! s g ro u p .  H ence , th e  a p p a r e n t  a c i d  a c t i v i t y  
d e m o n s tr a te d  h y  th e  fo rm er  g roup  was r e l a t i v e l y  h i g h e r  
a s  com pared t o  th e  a l k a l i n e  a c t i v i t y .
W est*s i n v e s t i g a t i o n  was p r i m a r i l y  d i r e c t e d  t o  
a s c e r t a i n i n g  th e  c o n d i t i o n s  u n d e r  w hich  th e  a c i d  p e a k  o f  
a c t i v i t y  was fo u n d  i n  th e  n u c l e i ,  and h i s  p H - a c t i v i t y  
c u rv e s  were u n f o r t u n a t e l y  r a r e l y  t a k e n  f a r  above n e u t r a l ­
i t y ,  h e n c e ,  t h e  e x a c t  a l k a l i n e  pH op tim a  were n o t  d e te rm in e d  
u n d e r  th e  v a r i o u s  a s s a y  c o n d i t i o n s  i n v e s t i g a t e d .
8 R ibonucleases  and P h o sp h o d ies te rase s  i n  Hepatoma
The m i t o c h o n d r i a l / l y s o s o m a l  f r a c t i o n  from  a t r a n s ­
p l a n t e d  hepatom a was f r a c t i o n a t e d  on an HS r o t o r  t o  
d e te rm in e  w h e th e r  t h e r e  was a h e t e r o g e n e i t y  o f  th e  l y s o ­
som es, s i m i l a r  t o  t h a t  fo u n d  i n  n o rm al l i v e r .  However, 
a number o f  p ro b lem s  were e n c o u n te r e d .  There  was a 
c o n s i d e r a b l e  amount o f  f c e l l  d e b r i s 1 from  th e  n e c r o t i c  
a r e a s  o f  t h e  tu m our, and t h e r e  was a d i s t i n c t  r e d u c t i o n  
i n  th e  s i z e  and s e d im e n ta t io n  r a t e  o f  th e  m i to c h o n d r ia  
( a l s o  sh o rn  i n  t h i s  t r a n s p l a n t  l i n e  b y  H artm an and H in to n ,  
1970) and m ost b u t  n o t  a l l  o f  th e  ly so so m e s .  F u r th e r m o r e ,  
th e  en d o p la sm ic  r e t i c u l u m  and p la sm a  membrane f r a g m e n ts  
a p p e a r  t o  v a r y  i n  s i z e  and s e d im e n ta t io n  r a t e  f a r  more 
th a n  th e  c o r r e s p o n d in g  m a t e r i a l  from  n o rm a l  l i v e r .  A 
lo n g e r  c e n t r i f u g a t i o n  tim e  th a n  was u s e d  w i th  l i v e r  was 
fo u n d  t o  be n e c e s s a r y  i n  o r d e r  t o  se d im e n t  th e  m i to c h o n d r i a
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t o  t h e i r  i s o p y c n ic  d e n s i t y  and t o  a l lo w  th e  h u lk  o f  th e  
ly so so m es  t o  se d im e n t  i n t o  t h e  m idd le  o f  t h e  g r a d i e n t .  
H ence, th e  c o n ta m in a t io n  o f  th e  ly so so m a l  r e g i o n  h y  
e n d o p la sm ic  r e t i c u l u m  and p lasm a  membrane f r a g m e n ts  was 
c o n s i d e r a b l y  g r e a t e r  th a n  t h a t  fo u n d  w i th  n o rm a l  l i v e r .
A cid  R N a s e - r ic h  ly so so m e s  were shown, a s  i n  l i v e r ,  
t o  se d im e n t  f a s t e r  t h a n  a c i d  p h o s p h a t a s e - r i c h  ly so so m e s .
A s u b f r a c t i o n  o f  th e  a c id  R N a s e -c o n ta in in g  p a r t i c l e s ,  
p o s s i b l y  l a r g e  phagosom es, were shown t o  se d im e n t  ahead  
o f  th e  b u lk  o f  th e  R N a s e - r ic h  ly so so m e s .
Hepatoma p lasm a  membrane f r a g m e n ts  were c l e a r l y  
r e s o l v e d  i n  some o f  th e  f r a c t i o n a t i o n  e x p e r im e n t s ,  f o r  
exam p le , t h a t  i l l u s t r a t e d  i n  F ig u r e  5*3 , where th e  a c t i v i t y  
i n  th e  p e ak  a t  d e n s i t y  1 ,1 6  was accom panied  b y  r e l a t i v e l y  
l i t t l e  G -6-P ase  a c t i v i t y .  The p lasm a  membrane p u r i f i ­
c a t i o n  and th e  amount o f  a c t i v i t y  i n  t h i s  p e ak  i s  v e r y  
much d e p e n d e n t  on th e  c o n d i t i o n  o f  th e  tu m o u r, and th e  
p r e c i s e  h o m o g e n is a t io n  c o n d i t i o n s .  H in to n  (1970) h a s  
shown t h a t  w i th  n o rm al t i s s u e  t h e  rem o v a l  o f  b lo o d  c e l l s  
b y  p e r f u s i o n  and c a r e f u l l y  c o n t r o l l e d  h o m o g e n is a t io n  
c o n d i t i o n s  a re  n e c e s s a r y  t o  o b t a i n  a good y i e l d  o f  p u r i f i e d  
p lasm a  membrane f r a g m e n ts  f ro m  l i v e r ,  and s in c e  th e  
c o m p le t io n  o f  t h i s  t h e s i s  t h i s  h a s  b e en  c o n f i rm e d  f o r  
hepatom a (T . P r o s p e r o ,  u n p u b l i s h e d  r e s u l t s ) .
A lk a l in e  p h o s p h o d i e s t e r a s e  ( F ig u re  5*3) c l o s e l y  
f o l lo w s  th e  AMPase a c t i v i t y  and t h e r e  may w e l l  be a s m a l l  
p r o p o r t i o n  o f  th e  a l k a l i n e  p h o s p h o d i e s t e r a s e  a c t i v i t y  
a s s o c i a t e d  w i th  th e  ly so so m e s ,  a s  i n  n o rm a l l i v e r .
S in ce  th e  r e s o l u t i o n  o f  t h e  c y to p la s m ic  o r g a n e l l e s  i s  n o t  
a s  good a s  t h a t  o b t a in e d  w i th  n o rm al l i v e r ,  i t  i s  d i f f i c u l t  
t o  a s s e s s  w h e th e r  t h e r e  i s  any  d i f f e r e n c e  i n  th e  
p a r t i c u l a t e  d i s t r i b u t i o n  o f  a l k a l i n e  RNase b e tw ee n  th e  
t r a n s p l a n t  hepatom a and n o rm a l l i v e r .  The d i s t r i b u t i o n  
( F ig u re  5*3) o f  a l k a l i n e  RNase a c t i v i t y  ( a s s a y e d  w i th o u t  
f r e e z e - t h a w i n g )  a f t e r  f r a c t i o n a t i o n  o f  a m i t o c h o n d r i a l /  
ly so so m a l  f r a c t i o n  i n  an  HS z o n a l  r o t o r  shows a sp ro a d  
o f  a c t i v i t y  r i g h t  a c r o s s  th e  r e g i o n s  e n r i c h e d  ir i  ly s o s o m e s ,  
m i to c h o n d r ia ,  and p lasm a  membrane. As w i th  l i v e r ,  th e  
a c t i v i t y  i n  th e  m ic rosom al p lasm a  membrane r e g i o n  i s  low  
i f  th e  a s s a y  i s  p e rfo rm e d  w i th o u t  f r e e z e - t h a w i n g .  T here  
i s  an  i n d i c a t i o n  t h a t  th e  p r o p o r t i o n  o f  a l k a l i n e  RNase 
l o c a t e d  i n  th e  hepatom a m i to c h o n d r ia  i s  l e s s  th a n  t h a t  
fo u n d  i n  n o rm al  l i v e r .  T h is  may w e l l  r e s u l t  from  th e  
r e d u c e d  s i z e  o f  th e  tumour m i to c h o n d r ia  and i s  i n  a g r e e ­
ment w i th  th e  g e n e r a l  o b s e r v a t i o n  o f  R o th  ( 1 9 6 3 ) .
S im i la r  r e s u l t s  were o b t a i n e d  when a whole hepatom a 
hom ogenate was f r a c t i o n a t e d  i n  an  A X II  r o t o r .
9 The D i s t r i b u t i o n  o f  A cid  RNase i n  th e  C y top lasm  and 
th e  E f f e c t  o f  A c tinom v cin  D on th e  I n c r e a s e d  L e v e ls  
o f  C y to s o l  A cid  RNase i n  th e  P re c a n c e r o u s  L iv e r s  o f  
R a ts  Fed on a D ie t  C o n ta in in g  Azo-Dve
The e x p e r im e n t  p r e s e n t e d  i n  t h i s  t h e s i s  on th e
d i s t r i b u t i o n  o f  a c id  RNase b e tw ee n  th e  l i v e r  c y t o s o l  and
th e  c e l l  p a r t i c l e s ,  on h o m o g e n is a t io n  u s in g  th e  P o t t e r -
E lvoh jem  and th e  n i t r o g e n  p r e s s u r e  h o m o g e n is e r s ,  i n d i c a t e s
t h a t ,  i n  ag reem en t w i th  th e  s u g g e s t i o n  o f  R e id  and Nodes
(1959 and 1963)5 some a c id  RNase i s  p r e s e n t  i n  th e  c y t o s o l
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i n  v i v o . The su b s e q u e n t  work o f  F u t a i ,  M iya ta  and Mizuno 
(1 9 6 9 ) h a s  c o n f i rm e d  t h i s .  They showed t h a t  ly so so m a l  
and s u p e r n a t a n t  a c id  RNase a re  two d i s t i n c t  enzymes w i th  
d i f f e r e n t  c h ro m a to g ra p h ic  p r o p e r t i e s  and t h a t  a f t e r  m ild  
h o m o g e n is a t io n  o n ly  t h e  s o l u b l e  enzyme i s  fo u n d  i n  th e  
c y t o s o l .  They a l s o  showed t h a t ,  i n  p r e c a n c e ro u s  l i v e r  
c au se d  b y  f e e d i n g  DAB (120 d a y s ) ,  b o th  ly s o s o m a l  and 
s u p e r n a t a n t  enzymes were fo u n d  i n  th e  s u p e r n a t a n t  f r a c t i o n .  
They c o n c lu d e d  -  !A s i g n i f i c a n t  amount o f  th e  ly s o s o m a l  
enzyme m ust have  changed i t s  l o c a t i o n  i n  p r e c a n c e ro u s  
l i v e r 1.
The r e s u l t s  p r e s e n t e d  i n  t h i s  t h o s i s ,  on th e  d i s t r i b ­
u t i o n  o f  a c i d  RNase b e tw ee n  th e  c y to p la s m  and c y t o s o l  
a f t e r  azo -d y e  f e e d in g  and on th e  e f f e c t  o f  a c t in o m y c in  D 
on t h i s  d i s t r i b u t i o n ,  were o b t a in e d  b e f o r e  th o s e  o f  F u t a i  
e t  a l . h ad  b e e n  p u b l i s h e d .  The a u t h o r ! s r e s u l t s  d id  
d e m o n s t r a te  a s i g n i f i c a n t  r i s e  i n  a c id  RNase a c t i v i t y  i n  
th e  s u p e r n a t a n t  f r a c t i o n  a f t e r  f e e d in g  ^F -D A B , T h is  
r i s e ,  h o w e v er ,  was l e s s  t h a n  e x p e c te d .  As th e  c y t o s o l  
i n  n o rm al r a t s  o n ly  c o n t a i n s  20^ o f  th e  t o t a l  c e l l u l a r  
a c t i v i t y  and th e  e r r o r  o f  RNase a s s a y s  i s  r a t h e r  h i g h ,  
th e  p o s s i b i l i t y  t h a t  some o f  th e  i n c r e a s e  i n  a c id  RNase 
comes from  th e  ly so so m es  c a n n o t  be e x c lu d e d ,  and th e  
n e c e s s a r y  f a l l  would n o t  have  b e e n  s t a t i s t i c a l l y  s i g n i f i c a n t ,  
However, th e  p r e s e n t  r e s u l t s  do show t h a t  th e  i n c r e a s e  i n  
a c id  RNase i n  th e  s u p e r n a t a n t  i s  n o t  accom panied  b y  a s i m i l a r  
i n c r e a s e  o f  s u p o r n a t a n t  a c i d  p h o s p h a ta s e .  U n f o r t u n a t e l y ,  
F u t a i  e t  a l . (1969) d id  n o t  m easure  th e  s u p e r n a t a n t
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a c t i v i t i e s  o f  o t h e r  ly s o s o m a l  enzymes a f t e r  azo -d y e  f e e d i n g ,  
h u t  i t  i s  e v i d e n t  from  th e  p r e s e n t  r e s u l t s  t h a t ,  i f  a s  
F u t a i  e t  a l . s u g g e s t ,  t h e r e  i s  a r e l e a s e  o f  ly so so m a l  
enzyme i n t o  th e  s u p e r n a t a n t ,  n o t  a l l  ly s o s o m a l  enzymes 
a r e  r e l e a s e d  a t  th e  same r a t e .  A p r o b a b le  e x p l a n a t i o n  
i s  t h a t  i n  p r e c a n c e ro u s  l i v e r  th e  a c id  R N a s e - r ic h  l y s o ­
somes become l e s s  s t a b l e  and r e l e a s e  a c i d  RNase i n t o  th e  
c y t o s o l ,  w h i le  a c i d  p h o s p h a t a s e - r i c h  ly so so m e s  re m a in  more 
s t a b l e  and i n t a c t .  T h is  e x p l a n a t i o n  i s  c o n s i s t e n t  w i th  
th e  r e s u l t s  on th e  p r o p e r t i e s  o f  ly so so m e s  a f t e r  t r e a t m e n t  
w i th  T r i t o n  NR-1 3 3 9 , w hich showed t h a t  th e  a c i d  R N a s e - r ic h  
ly so so m es  w ere more a c t i v e  i n  t a k i n g  up T r i t o n  MR-1339} 
and th e  r e s u l t a n t  t r i t o s o m e s  w ere  more f r a g i l e  t h a n  th e  
u n a l t e r e d  ly so so m e s .
The d i f f e r e n c e  i n  s t a b i l i t y  o f  th e  two g ro u p s  o f  
ly so so m e s  may a l s o  e x p l a i n  why c h r o n ic  i n j e c t i o n  o f  
a c t in o m y c in  D c a u s e s ,  i n  p r e c a n c e r o u s  l i v e r ,  a g r e a t e r  
r e l e a s e  o f  a c i d  RNase i n t o  t h e  c y t o s o l .  I t  i s  s t i l l  n o t  
c e r t a i n ,  how ev er ,  w h e th e r  th e  a c i d  RNase a c t i v i t y  i s  
r e l e a s e d  from  ly so so m es  i n  v i v o , o r  w h e th e r  a c i d  RNase- 
r i c h  ly so so m e s  i n  p r e c a n c e r o u s  l i v e r  have  s im p ly  become 
f r a g i l e  and more s u s c e p t i b l e  t o  r u p t u r e  d u r in g  h o m o g en is ­
a t i o n .  In  c o n n e c t io n  w i th  t h i s ,  i t  s h o u ld  be n o te d  t h a t  
a n im a ls  f e d  on MF-DAB and th e n  i n j e c t e d  w i th  a c t in o m y c in  
D do n o t  e a t  w e l l .  De Duve ( i 9 6 0 ) h a s  shown t h a t  
s t a r v a t i o n  c a u s e s  a f a l l  i n  lysosom e s t a b i l i t y ,  w h ich  may 
w e l l  a c c o u n t  f o r  t h e  even  h i g h e r  l e v e l s  o f  ly s o s o m a l  
enzymes fo u n d  i n  th e  s u p e r n a t a n t s  o f  a n im a ls  f e d  f o r  17
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d ay s  on th e  e x p e r im e n ta l  d i e t  and t r e a t e d  w i th  c h ro n ic  
d o se s  o f  a c t in o m y c in  D.
When a c t in o m y c in  D was i n j e c t e d  i n t o  r a t s ,  th e  
r e s u l t s  showed t h a t  th e  d r u g ,  i n  a d d i t i o n  to  i n h i b i t i n g  
th e  p r o d u c t i o n  o f  new mRNA, a l s o  b y  some m echanism  
i n c r e a s e d  th e  s o lu b le  a c i d  RNase a c t i v i t y .  I t  was a t  
f i r s t  c o n s id e r e d  t h a t  a c i d  RNase m ig h t  be  r e l e a s e d  and 
a c t i v a t e d  from  some o r g a n e l l e  p r o b a b ly  o t h e r  t h a n  l y s o ­
somes. T h is  m ig h t  be a bound a c t i v i t y  n o t  a c t i v a t e d  b y  
f r e e z e - t h a w i n g .  When c h ro n ic  i n j e c t i o n s  were g iv e n  t o  
^ ‘F-DAB-fed r a t s ,  th e  a c t in o m y c in  c au se d  an a d d i t i o n a l  
r e l e a s e  o f  ly s o s o m a l  enzyme and t h e r e  a p p e a re d  t o  be  a 
g r e a t e r  r e l e a s e  o f  ly so so m a l  a c i d  RNase th a n  o f  ly s o s o m a l  
a c i d  p h o s p h a t a s e .
S i e b e r t  e t  a l . (1966) i n v e s t i g a t e d  th e  r i b o n u c l e a s e  
a c t i v i t i e s  o f  th e  n u c l e u s .  T h io a ce tam id e  c a u se d  a 
c o n s i d e r a b le  i n c r e a s e  i n  n u c l e a r  and n u c l e o l a r  RNase 
a c t i v i t i e s  ( a s s a y e d  a t  on optimum o f  pH 7 * 5 )9 w h e rea s  
a c t in o m y c in  D c a u se d  a d e c r e a s e  i n  t h e s e  a c t i v i t i e s .
The e f f e c t  o f  a c t in o m y c in  D on th e  t h i o a c e t a m i d e - t r e a t e d  
r a t  l i v e r  n u c l e i  was t o  p a r t l y  s u p p r e s s  th e  i n c r e a s e  
c au se d  by  th e  t h io a c e t a m id e .  U n f o r t u n a t e l y ,  s u p e r n a t a n t  
a c i d  RNase was n o t  a s s a y e d ,  so th e  p o s s i b i l i t y  re m a in e d  
t h a t  i n  S i e b e r t r s e x p e r im e n t ,  and i n  th e  p r e s e n t  e x p e r im e n t ,  
a c t in o m y c in  D, r a t h e r  th a n  i n h i b i t i n g  th e  s y n t h e s i s  o f  
n u c l e a r  RNase, b r o u g h t  a b o u t  t h e  r e l e a s e  o f  bound n u c l e a r  
and n u c l e o l a r  a c i d  RNase i n t o  th e  c y t o s o l .
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S u b seq u en t  t o  t h i s  w ork . May e t  a l . ( 1968 ) i n v e s t i ­
g a te d  th e  s i m i l a r  p a r a d o x i c a l  s t i m u l a t i o n  o f  r i b o n u c l e a s e  
s y n t h e s i s * fo u n d  i n  B a c i l l u s  s u h t i l i s  b y  a c t in o m y c in  D.
The d ru g  h a d  no  e f f e c t  i n  th e  ab sen ce  o f  i n o r g a n i c  
p h o s p h a te  and t h e y  p ro p o se d  t h a t  RNase s y n t h e s i s  was 
r e p r e s s e d  b y  th e  c o - r e p r e s s o r  and t h a t  a c t in o m y c in  
s t i m u l a t e d  RNase s y n t h e s i s  b y  s e l e c t i v e l y  i n a c t i v a t i n g  
th e  r e g u l a t o r  gene and t h u s  p r e v e n t in g  s y n t h e s i s  o f  th e  
a p o - r e p r e s s o r  p r o t e i n *  C e r t a i n l y ,  i f  a s i m i l a r  m echanism  
c o n t r o l s  th e  a c i d  RNase s y n t h e s i s  i n  r a t  l i v e r ,  t h i s  may 
w e l l  e x p l a i n  th e  i n c r e a s e  i n  a c id  RNase s y n t h e s i s  w i th  
c h ro n ic  a c t in o m y c in  D - t r e a tm e n t .
I t  i s  a p p a r e n t  t h a t  th e  c h o ic e  o f  t h e  d ru g  a c t in o m y c in  
D t o  b lo c k  mRNA f o r m a t io n  and t h e r e f o r e  p r o t e i n  s y n t h e s i s  
i n  th e  a u th o r * s  e x p e r im e n t  was u n f o r t u n a t e  i n  t h a t  i t  may 
have i n t e r f e r e d  w i th  th e  c e l l  i n  many ways i n  a d d i t i o n  t o  
th e  b lo c k in g  o f  th e  s y n t h e s i s  o f  new mRNA* Shou ld  t h i s  
e x p e r im e n t  be  r e p e a t e d ,  a d ru g  w hich  b l o c k s  t r a n s l a t i o n  
o f  th e  mRNA, e . g . ,  p u re m y c in ,  would be p r e f e r a b l e .
(Coleman and E l l i o t t  (1965) fo u n d  a co m p le te  i n h i b i t i o n  
o f  RNase s y n t h e s i s  i n  B. s u b t i l i s  i n  th e  p r e s e n c e  o f  
purom ycin  o r  c h lo r a m p h e n ic o l . )
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C>
Aclmowlodgcmcn ts ,
I  s h o u ld  l i k e  t o  e x p r e s s  my th a n k s  t o  Dr E. R e id ,  
my s u p e r v i s o r ,  f o r  a l lo w in g  me t o  r o g i s t o r  f o r  th e  d e g re e  
o f  D oc to r  o f  P h i lo s o p h y ,  and f o r  a l l  th e  h e lp  and 
e n co u ragem en t he h a s  g iv e n  me d u r in g  th e  c o u rs e  o f  t h i s  
s tu d y .
In  a d d i t i o n ,  I  sh o u ld  l i k e  t o  th a n k  Dr R.H. H in to n ,  
who h a s  g iv e n  c o n s i d e r a b le  g u id a n c e  i n  d i r e c t i n g  t h i s  
p r o j e c t  and p ro v id e d  th e  com puter p rog ram s u s e d  i n  t h i s  
s tu d y  f o r  th e  a n a l y s i s  o f  z o n a l  r e s u l t s .  Thanks a re  a l s o  
duo t o  Dr A.A. E l-A a .se r ,  whose o l e c t r o n m ic r o g r a p h s  a re  a 
v a lu a b le  c o n t r i b u t i o n  t o  th e  work on th e  p u r i f i c a t i o n  o f  
ly so so m e s ,  and a l s o  t o  Dr B a rb a ra  M ullock  and Mr G.
Hartm an f o r  p r o v id in g  th e  aqueous n u c l e i  p r e p a r a t i o n s .
Mr M. D obro ta  h a s  g iv e n  much t e c h n i c a l  a s s i s t a n c e  i n  th e  
u se  o f  z o n a l  c e n t r i f u g e s  and t h e i r  a n c i l l a r y  e q u ip m e n t .
I  sh o u ld  a l s o  l i k e  t o  th a n k  th e  s t a f f  o f  th e  U n i v e r s i t y  
Computing U n i t . a n d  a l s o  Mr P . S c o b ie -T ru m p e r , who k i n d l y  
p ro v id e d  th e  a n im a ls  and m a in ta in e d  th e  tum our l i n e .
My c o l l e a g u e s  Mr K.A. N o r r i s  and Mr T.D. P r o s p e r o  
have k i n d l y  a l lo w e d  me t o  q u o te  t h e i r  u n p u b l i s h e d  r e s u l t s ,  
f o r  w hich  I  am most g r a t e f u l .  I  should  a l s o  l i k e  t o  
th a n k  Mrs V.A. N eale  f o r  h e r  s k i l l  and p a t i e n c e  i n  t y p in g  
t h i s  m a n u s c r ip t .
B etw een 1966 and 1969s when m ost o f  th e  e x p e r i m e n t a l  
work was p e r fo rm e d ,  I  was i n  r e c e i p t  o f  a U n i v e r s i t y  o f  
S u r r e y  S tu d e n t s h ip  g r a n t .
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F i n a l l y ,  I  s h o u ld  l i k e  to  e x p re s s  my th a n k s  t o  my 
w i f e .  Sue , my f a m i ly  and  my f r i e n d s  and c o l l e a g u e s  b o th  
a t  S u r r e y  U n i v e r s i t y  and a t  S m ith s  Food Group f o r  b e in g  
p a t i e n t  and e n d u r in g  so much p r o c r a s t i n a t i o n  c o n c e rn in g  
t h e  c o m p le t io n  o f  t h i s  m a n u s c r ip t .
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